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a ‘II’ indecates HII region; ‘H’ indicates optical jet or HH object; ‘2’ indicates H2 jet; ‘W’ indicates water
maser; ‘I’ indicates infall or collapse.
b The maps of these sources are not complete or confused with other sources.
c These sources are detected with CO J=3-2 or higher.
d These outflows without corresponding young stellar objects.
e The underlined R is quoted from references.
f This source includes NGC7538 IRS1, IRS9, IRS11, and A.
g The distance is one of the assumed values(cf. Ref. 123).
h The mass is calculated under optical thick.
i This reference proposes that 05358+3543 consists of CO flow A, B and a SiO flow C.
j The authors of Ref. 326 proposed that this source has 2 overlapping outflows.
k The HH objects detected before 1999 were all from Ref. 251.
l This source includes RNO43S and RNO43N.
m The parameters are derived from C18O observation.
n This source includes IC1396N BIMA1 and BIMA2.
o M˙f is not used if it is deduced by M/τ .
p It was not identified as bipolar outflow by Ref. 191.
q Ref. 327 reported that there may be two outflows.
r Its reshift lobe is probably masked by the outflow of L379 IRAS(3).
s This timescale is calculated with the assumption that the clump has a tangential velocity of 200 km/s.
t This source includes NGC2024 Fir 4, 5 and 6.
u This source includes NGC7129 FIRS2-MM1, FIRS2-IR, FIRS1-IRS6 and FIRS1-MM1.
v Parameters calculated here are not for the whole outflow but only for the n4 region.
w The author of Ref. 354 proposed that outflows at this position are not driven by FIR sources but by
jets from faint undetected yet low-mass stars; the parameters in Table 1a are the total of three outflows
identified.
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Table 1a CO Molecular Outflows
No.
(1)
Name
(2)
α
h m s
(3)
δ
◦ ’ ”
(4)
L
◦ ’
(5)
b
◦ ’
(6)
D
kpc
(7)
Z
pc
(8)
∆V
km/s
(9)
Po.
(10)
Rmax
pc
(11)
Rcoll
(12)
Lbol
L⊙
(13)
001 LKHα 00 08 47 +58 33 06 117 46 −03 38 1.0 −63 13 Bi 0.85 3.4 1E3
8.6
002 00117+6412 00 11 45 +64 12 04 118 57 +01 53 3.3 Bi 0.81 4.6E5
003 00213+6530 00 21 22 +65 30 25 120 08 +03 04 0.85 45 14.4 Bi 1.11 2.3 12.9
004 00259+6510 00 25 58 +65 10 12 120 35 +02 41 0.85 40 17.5 Bi 1.51 3.2 9.9
005 00259+5625 00 25 59 +56 25 32 119 48 −06 02 0.6 −263 11 Bi 0.33 1.2 830
CB3 930
006 00338+6312 00 33 53 +63 12 32 121 18 +00 40 1.6 18 9.5 Bi 0.64 2.0 2.4E3
L1287 25
RNO1b/1c 40
007 00342+6374 00 34 18 +63 47 45 121 23 +01 14 2 43 75 Multi 1.19 4.1
008 00420+5530 00 42 05 +55 30 54 122 01 −07 04 7.72 −950 33.0 Bi 2.20 1.09 5.15E4
009 00494+5617 00 49 28 +56 17 28 123 04 −06 19 2.2 −242 20 Bi 1.32 1.4 5.4E3
010 NGC281-E 00 51 18 +56 17 07 123 19 −06 19 2.1 −231 Bi
011 01133+6434 01 13 18 +64 34 50 125 36 +02 06 3.0 110 10.4 Bi 0.76 3.7 3E3
012 W3-IRS5 02 21 53 +61 52 21 133 43 +01 13 2.3 49 52 Bi 11E5
72 2E5
2.3 47 1.1E6
013 IC1805-W 02 25 15 +61 20 10 134 17 +00 51 2.3 34 Bi 1100
014 02310+6133 02 30 56 +61 33 15 134 49 +01 19 3.8 87 Bi
015 02461+6147 02 46 12 +61 47 34 136 23 +02 19 4.2 166 Bi 1.6E6
016 AFGL4029 02 57 36 +60 17 22 138 18 +01 33 2.2 60 5.5 Bi 1.49 2.3 2.1E4
02575+6017
017 AFGL437 03 03 32 +58 19 37 139 54 +00 12 2.0 7 24 Bi 1.2 1.6 (0.2-1)E4
2.0 23.0 2.40E4
018 RNO13 03 22 05 +30 35 50 157 57 −21 27 0.2 −73 12 MB 0.1 2.5 5.2
019 L1448 IRS2 03 22 17.9 +30 34 41 158 00 −21 26 0.3 −110 24 Bi
020 L1448 03 22 32 +30 34 49 158 03 −21 25 0.3 −110 70 Bi 0.08 ∼ 2.0
IRS3 0.20 9
021 L1448 U-star 03 22 34 +30 33 34 158 04 −21 25 0.3 −110 140 Bi 0.18 ∼ 5.4 3
022 AFGL490-iki 03 23 28 +58 43 44 141 55 +01 54 0.975 32 48 Bi 0.77 3.1 1100
03234+5843
023 AFGL490 03 23 39 +58 36 39 141 60 +01 49 0.9 29 65 Bi 0.62 1.9 1.4E3
1.4-2.4E3
161 1.4E3
1.7-2.4E3
024 L1455NW 03 24 22 +30 05 24 158 42 −21 34 0.35 −129 10 Bi 0.42 3.7
∼0.3-0.7
025 RNO15FIR 03 24 36 +30 02 40 158 46 −21 34 0.35 −129 15 MB
L1445 FIR 0.35 7.2
0.16 1.5
026 L1455M 03 24 44 +30 01 43 158 48 −21 34 0.35 −129 16 Bi 0.44 2.8 6.4
027 NGC1333 03 25 34 +31 03 14 158 18 −20 38 0.50 −176 10.5 Bi 0.32 1.0 25
028 IRAS2NNE-SSW 03 25 48 +31 04 34 158 20 −20 35 0.22 −123 Bi 0.26
029 IRAS2east-west 03 25 50.1 +31 04 18 158 20 −20 36 0.22 −123 Bi 0.237
030 HH12 03 25 57.5 +31 05 34 158 18 −20 30 0.35 −122 MB 0.15 23
0.50 20 30
0.22
031 HH7-11 SSV 03 25 58.1 +31 05 45 158 21 −20 33 0.50 −123 Bi 0.40 1.9 90
0.35 150
0.50 40
0.35
0.22
032 NGC1333 03 26 05.0 +31 03 14 158 24 −20 34 0.22 −123 46 Bi 0.33
IRAS4A
033 HH6 03 26 05.2 +31 08 01 158 21 −20 30 0.22 −123 Bi 0.15
034 03271+3013 03 27 10 +30 13 34 159 08 −21 06 0.35 −126 80 Bi ≤ 3.0
035 03282+3035 03 28 15 +30 35 14 159 06 −20 40 0.35 −124 140 Bi 1.60 > 5.9 ≤ 1.5
0.30 3
036 03301+3057 03 30 17 +30 57 26 159 13 −20 06 0.35 −120 40 Bi 0.01 2.4
Barnard 1
037 HH211 03 40 49 +31 51 24 160 29 −18 00 0.32 −99 60 Bi 0.09 16.8
038 B5-IRS3 03 43 56 +32 33 54 160 33 −17 02 0.35 −102 10 MR 0.43 2.2 > 0.5
039 B5-IRS1 03 44 32 +32 42 30 160 39 −16 57 0.35 −10 31 Bi 0.3 9.6
6
040 B5-IRS4 03 44 36 +32 54 33 169 34 −16 50 0.35 6 Bi > 0.3
1
Table 1a CO Molecular Outflows(continued)
No.
(1)
Name
(2)
α
h m s
(3)
δ
◦ ’ ”
(4)
L
◦ ’
(5)
b
◦ ’
(6)
D
kpc
(7)
Z
pc
(8)
∆V
km/s
(9)
Po.
(10)
Rmax
pc
(11)
Rcoll
(12)
Lbol
L⊙
(13)
041 B5-IRS2 03 44 54 +32 40 17 156 41 −19 45 0.35 −10 10 Bi 1.4 1.3
042 L1489 04 01 41 +26 10 48 168 04 −19 10 0.14 −46 5.5 Bi 0.14 2.0 4.2
043 PP 13S 04 07 21 +38 00 08 160 30 −09 48 0.35 −60 29 Bi 30
044 04166+2706 04 16 38 +27 06 29 169 50 −16 08 0.14 −39 11.5 Bi 0.4
045 04181+2655 04 18 06 +26 55 01 170 12 −16 01 0.14 −39 10 Bi > 0.056 > 1.57 0.5
046 T Tau 04 19 04 +19 25 05 176 14 −20 53 0.14 −50 13 MB 0.15 1.0 22
0.14 30 18.3
0.16 10
047 04191+1523 04 19 09 +15 23 16 179 33 −23 29 0.14 −56 Bi
< 210
IRAM04191 0.14 Multi 0.15
048 04239+2436 04 23 55 +24 36 54 172 54 −16 36 0.14 −40 24.7 MR 1.1
049 Haro 6-10 04 26 22 +24 26 26 173 25 −16 18 0.14 −39 Bi 5.0
L1524
050 ZZ Tau 04 27 51 +24 35 24 173 32 −15 57 0.14 −38 5.2 MR 0.14 2.0 0.18
051 L1551-IRS5 04 28 40 +18 01 42 178 56 −20 03 0.12 −41 30 Bi 0.42 5.2 25
0.16
33
052 L1551NE 04 28 43 +18 02 12 178 56 −20 02 0.16 −55 18 MR
6
053 HL/XZ Tau 04 28 44 +18 07 36 178 51 −19 58 0.144 −48 11 MB 8.5
0.16 4.4-10.7
054 TMC2Ab 04 28 58 +24 24 27 173 51 −15 54 0.14 −38 8.8 Bi 1.4
1.07
055 L1529 04 29 43 +24 16 54 174 04 −15 50 0.14 −38 30 Bi 2
056 04325+2402 04 32 32 +24 02 08 174 41 −15 30 0.14 −37 9.0 MR 0.93 2.4
L1535 0.41
057 L1642 04 32 32 −14 19 18 210 49 −36 36 0.13 −60 3.6 Bi 0.1 3.3 0.3
058 L1527 04 36 49 +25 57 16 173 49 −13 32 0.16 −37 6.0 Bi
L1527 IRS 1.30
059 04361+2547 04 36 10 +25 47 30 173 51 −13 45 0.14 −33 Bi 0.013 ∼ 2.3 2.8
060 TMC1A 04 36 31 +25 35 55 174 03 −13 48 0.14 −33 11 Bi 0.02 2.6 1.9
061 IC2087 04 36 55 +25 39 17 174 04 −13 42 0.14 −33 7.3 MR 0.72 2.1 0.86
062 04381+2540 04 38 09 +25 40 53 174 14 −13 28 0.14 −33 36.6 Bi 0.03 2.8 0.73
TMC1 0.5
063 05137+3919 05 13 46 +39 19 10 168 04 +00 49 10.80 155 55 Bi 3.98 2.7 5.61E4
064 HH114/115 05 15 35 +07 07 54 195 16 −16 59 0.46 −134 Multi
065 05168+3634 05 16 54 +36 34 21 170 39 −00 16 6.08 −28 66 Bi 2.73 1.78 2.40E4
066 L1634 05 17 22 −05 55 05 207 36 −23 02 0.5 −196 Bi 16
067 AFGL5142 05 27 28 +33 45 37 174 12 −00 05 1.8 −2 12 Bi 0.67 1.2 8.1E3
05274+3345 1.8 23 3.80E3
Multi
068 L1582B 05 29 27 +12 47 13 192 09 −11 07 0.46 −89 12 Bi 0.13 2.6 5.9
069 RNO43l 05 29 33 +12 47 33 192 09 −11 06 0.40 −88 Bi 12
0.46
070 RNO43S 05 29 35 +12 50 00 192 08 −11 03 0.46 −88 11 Bi 0.27 1.4
071 RNO43N 05 29 38 +12 55 00 192 04 −11 00 0.46 −88 11 Bi 0.40 2.8
072 Ori A-W 05 30 15 −05 37 52 208 54 −20 03 0.50 −171 13 Bi
40-400
073 HH83 05 31 06 −06 31 45 209 51 −20 16 0.47 −163 9.5 Bi 8
074 Orion-S 05 32 45 −05 26 05 209 01 −19 24 0.48 −166 50 Bi 0.21 4.2 8.5E3
075 CSO 2 05 32 46 −05 01 15 211 00 −14 47 0.45 Bi 0.14
076 05327+3404 05 32 47 +34 04 20 174 32 +01 01 1.2-1.6 21− 28 ∼20 Bi 82
16.53 1.1E4
077 Orion-A 05 32 47 −05 24 14 208 59 −19 23 0.5 −166 266 Bi 0.04 1.0 1-10E4
Orion-KL 127 2-10E4
2.1E5
2.1E5
078 Orion-KLN 05 32 48 −05 22 34 208 57 −19 22 0.5 −166 28.3 Bi
079 AC 3 05 32 50.4 −05 02 34 208 39 −19 12 0.45 −148 MB 0.41 < 56
080 FIR 1 05 32 54 −05 09 30 208 46 −19 15 0.45 −148 Bi 0.17 128
2
Table 1a CO Molecular Outflows(continued)
No.
(1)
Name
(2)
α
h m s
(3)
δ
◦ ’ ”
(4)
L
◦ ’
(5)
b
◦ ’
(6)
D
kpc
(7)
Z
pc
(8)
∆V
km/s
(9)
Po.
(10)
Rmax
pc
(11)
Rcoll
(12)
Lbol
L⊙
(13)
081 OMC-2/3(MMS 9) 05 32 58 −05 07 30 208 45 −19 13 0.45 −148 Bi ≤ 94
082 OMC-2 05 33 00 −05 11 32 208 49 −19 14 0.5 −165 13 Bi 0.18 1.9
083 HH 34 05 33 04 −06 28 49 210 25 −19 49 0.46 −155 13 Bi
084 MMS 10 05 33 06 −05 07 30 208 46 −19 11 0.45 MB 0.31 2.4
085 L1641N 05 33 53 −06 24 02 210 04 −19 36 0.50 −168 28.0 Bi 0.21 2.0 40-400
0.45 44.8 102.1
086 CS-star HH1 05 33 55 −06 47 24 210 26 −19 46 0.48 −162 8.0 MR 0.08 5.2 36
VLA1 0.44 21
11.05
087 05339-0647 05 33 56.9 −06 46 46 210 26 −19 45 0.44 −148 12 Bi
088 VLA3 05 33 57 −06 47 10 210 26 −19 45 0.47 −250 40.0 Bi 0.1 3.3
089 VLA 2 05 33 57.0 −06 46 46 210 26 −19 45 0.44 −149 MR
090 HH 1-2 05 33 57 −06 47 55 210 26 −19 46 0.46 −155 13 Bi
091 05339-0646 05 33 58 −06 46 33 210 26 −19 44 0.5 −169 Bi 54
092 V380 Ori 05 34 00 −06 44 26 210 24 −19 43 0.48 −169 10 MR 140
NGC1999 0.46 12.35 85
093 V380/OriNE 05 34 00 −06 41 00 210 21 −19 42 0.5 −168 12 Bi 0.04 7.0 3.2
0.47 20 ∼ 3
094 V380/OriS 05 34 00 −06 56 00 210 35 −19 48 0.5 −169 13 MR 2-16
095 05341-0539 Ori A-E 05 34 11 −05 30 03 209 15 −19 07 0.5 −164 19 MR 40-400
096 AFGL5157 05 34 33 +31 57 40 176 31 +00 11 1.8 6 Bi 1.29 2.6 5.5E3
05345+3157 1.8 25 1.30E3
1.8 19 43.0 0.58 1.61 1380
097 Ori-I-2 05 35 33 −01 46 50 205 57 −17 05 0.4 −118 8.0 Bi 0.16 2.3 12
05355-0146
098 05358+3543 05 35 49 +35 43 41 173 29 +02 26 1.8 76 25 Bi 1.8 1.6 6.3E3
1.8 76 28 103.8
099 05358+3543 A+Bi 05 35 13 +35 45 54 173 23 +02 21 1.8 73 Multi ∼ 6300
100 05361+3539 05 36 06 +35 39 06 173 35 +02 27 1.8 77 29.3 Bi 0.9 2.6 1.8E3
G173.58
101 05363-0702 05 36 19 −07 02 41 211 18 −19 30 0.5 −167 11.1 MB 17.6
L1641C 0.48 40.2
102 Haro 4-255 05 36 57 −07 28 20 211 27 −19 24 0.50 −166 22,11 Bi 0.4 2.1 55
103 GGD4 05 37 21 +23 49 22 183 43 −03 40 1.0 −64 31 Bi 0.11 2.1 420
104 S235B 05 37 31 +35 39 55 173 43 +02 42 1.8 85 22 Bi < 1.3E4
105 L1641S3 05 37 31 −07 31 59 211 34 −19 18 0.5 −165 13.7 Bi > 0.37 > 2.0 61.5
FIRSSE101 36.8 1E2.9
106 L1641S 05 38 03 −07 28 59 211 35 −19 09 0.5 −164 28 Bi 0.75 3.8 294.7
107 L1641S4 05 38 25 −08 08 20 212 15 −19 22 0.5 −166 Bi 0.8 20.2
108 NGC2023-MM1 05 38 54 −02 19 36 206 52 −26 36 65 Bi
109 NGC 2023 05 39 06 −02 17 24 206 51 −16 33 0.5 −142 13 Bi
05391-0217 27.9 0.27 1.2 889.1
110 NGC2024 FIR 4 05 39 12 −01 56 10 206 33 −16 21 0.415 −117 MR
111 NGC2024 FIR 5 05 39 13 −01 57 03 206 33 −16 22 0.415 −117 30 MR
112 NGC2024 FIR 6 05 39 14 −01 57 27 206 34 −16 22 0.415 −117 84 Bi
≥ 103.5
NGC2024w 41,21
113 NGC2024 Ori Bt 05 39 18 −01 56 42 206 34 −16 20 0.5 −141 60 Bi 0.51 3.7 4.6E4
0.4
114 L1641S2 05 40 23 −08 18 26 212 38 −19 00 0.5 −163 26.0 Bi 0.18 1.7 20.6
20.6
0.46 Multi 200
115 05413-0104 05 41 19 −01 04 08 206 00 −15 29 0.46 −123 9.7 Bi 0.01 7.0 14
HH212
116 B35 05 41 42 +09 07 00 196 56 −10 25 0.46-0.5 −90 12.5 Bi 0.6 2.3 15
117 HH26IR 05 43 32 −00 15 23 205 04 −14 22 0.5 −124 30 Bi 0.46 2.7 50-300
118 HH25 MMS 05 43 34 −00 14 42 205 09 −14 36 0.5 −126 27 Bi 6
119 HH24 05 43 38 −00 13 23 205 31 −14 34 0.5 −126 15 Bi 0.36 1.0 20
120 NGC2068/LBS17 05 43 56 −00 01 42 205 23 −14 25 0.4 −94 15 Bi < 2.0
3
Table 1a CO Molecular Outflows(continued)
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◦ ’
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kpc
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121 NGC2068 05 43 58 −00 04 00 205 25 −14 25 0.5 −124 20 Bi
122 CB34 05 44 03 +20 59 07 186 57 −03 50 0.6 −40 10 Bi 0.21 4.0
123 NGC2071 05 44 30 +00 20 40 205 07 −14 07 0.5 −122 75,120 Bi 0.41 3.7 750
900
124 NGC2071N 05 45 00 +00 40 00 204 53 −13 51 0.5 −120 17 Bi 0.55 2.3 40-400
40
125 05487+0255 05 48 46 +02 55 02 203 19 −11 57 0.46 −95 12.3 Bi 1.30 3.0 7
126 05490+2658 05 49 05 +26 58 52 182 25 +00 15 2.1 9 20 Bi 0.71 1.5 4.2E3
127 05491+0247 05 49 09 +02 47 53 203 28 −11 55 0.46 −94 20 Bi 0.70 3.0 25
128 L1598NW 05 49 28 +08 20 48 198 35 −09 08 0.9 −143 Bi
129 L1598 05 49 39 +08 12 55 198 43 −09 10 0.9 −143 14 Bi 0.22 2.8
130 05553+1631 05 55 20 +16 31 46 192 10 −03 49 2.5 −166 17 Bi 1.89 1.4 6.5E3
G192.16 2.0 3.26E3
131 CB39 05 59 06 +16 30 58 192 37 −03 02 0.6 −32 10 MR 0.5 2.0
132 HD250550 05 59 07 +16 13 06 192 53 −03 11 1.0 −56 7 MR 1.5 1.7 150
133 S241 06 00 41 +30 14 54 180 52 +04 05 4.7 335 17.1 Bi 1.71 2.4
134 06047-1117 06 04 21 −11 18 16 197 40 +04 29 0.5 39 24.5 Bi 0.26 3.3 6
135 Mon R2 06 05 22 −06 22 25 213 42 −12 36 0.8 −207 35 Bi 2.1 3.0
0.95 31 5E5
136 AFGL 6366S 06 05 41 +21 31 32 189 02 +00 47 1.5 20 18 Bi 0.99 1.7 2.0E4
137 AFGL 5180 06 05 54 +21 38 57 188 05 +00 53 1.5 23 19 MB 1.08 2.0 1.1E4
138 GGD 12-15 06 08 25 −06 10 45 213 53 −11 50 1.0 −205 25 Bi 0.87 6.2 1.0E4
139 S255-IRS1 06 09 59 +18 00 15 192 36 −00 03 2.5 −2 26 Bi 1.82 < 2 105
S255
140 Mon R2E 06 10 22 −06 12 28 214 08 −11 25 0.95 −188 Bi
141 06114+1745 06 11 29 +17 45 33 192 59 +00 09 1.75 5 20.0 Bi 1.28 1.2 4211
142 06291+0421 06 29 09 +04 21 44 206 50 −02 23 1.60 −66 20.0 Bi 0.81 1.2 1882
143 06308+0402 06 30 53 +04 02 27 207 20 −02 09 1.6 −66 20 Bi 1.44 1.4 3.9E3
144 AFGL961 06 31 59 +04 15 09 207 16 −01 48 1.6 −50 30 Bi 1.18 1.2 5.5E3
40.3
145 NGC2261 06 36 26 +08 46 57 203 46 +01 16 0.69 15 9 Bi 0.68 2.0 660
RMON
146 Mon OB1H 06 38 17 +10 39 56 201 18 +02 33 0.8 15 27.3 Bi 0.29 87
147 Mon OB1D 06 38 19 +09 37 32 203 14 +02 04 0.80 29 26,30 Bi 1.21 1.9 110
NGC2264D
148 Mon OB1I 06 38 19 +10 52 39 202 07 +02 39 0.80 37 18.2 Bi 0.55 2.6
149 NGC2264G 06 38 26 +09 58 51 202 56 +02 16 0.7 28 Bi ∼ 12
150 NGC2264 06 38 26 +09 32 00 203 19 +02 03 0.80 29 31.2 MR 0.24 1.0 2.3E4
Mon OB1C
151 Mon OB1G 06 38 27 +09 58 28 202 56 +02 16 0.80 32 54.6 Bi 0.89 4.2 < 450
152 S287N 06 45 19 −02 09 32 214 30 −01 49 1.4 −44 MB
06453-0209
153 BFS 56 06 56 45 −03 50 41 217 18 −00 03 1.4 −1 Bi
06567-0350
154 BiP 14 06 56 47 −03 55 28 217 23 −00 05 1.4 −2 Bi
06567-0355
155 CMa-W 06 56 53 −11 54 46 224 29 −03 44 1.1 −72 Bi
06568-1154
156 S287-B 06 57 06 −04 41 48 218 06 −00 22 1.4 −9 Bi
157 S287-C 06 57 08 −04 36 10 274 37 −23 37 1.4 −561 Bi
158 L1654 06 57 17 −07 42 16 220 47 −01 43 1.1 −33 Bi
159 S287-A 06 57 55 −04 32 22 218 03 −00 07 1.4 −3 Bi
160 Z CMac 07 01 23 −11 28 36 224 36 −02 33 1.15 −51 14 Bi 0.15 1.4
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h m s
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◦ ’
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161 CB54 07 02 06 −16 18 47 228 60 −04 37 0.6 −48 10 Bi 0.78 5.0
162 07028-1100 07 02 52 −11 00 05 224 31 −02 01 1.4 −49 Bi 279
163 L1660 07 18 01 −23 56 42 237 31 −04 50 1.0 −84 9 Bi 100
164 07427-2400 07 42 45 −24 00 24 240 19 +00 04 6.6 8 40 Bi 1.6 1.5 4.9E4
G240.31+0.07
165 WB89 1099 08 07 40 −35 56 07 253 18 −01 37 0.75 −20 17.7 Bi 0.32 1.7 46
HH120
166 WB89 1135 08 21 18 −41 46 10 259 37 −01 42 6.42 −190 21.5 Bi 3.3 2.4 1.4E4
167 HH46/47 08 24 16 −50 50 43 267 22 −07 30 0.45 −59 12.5 Bi 0.16 1.7 15.7
ESO210-6A 72
168 WB89 1173 08 39 23 −40 41 18 260 46 +00 41 1.35 16 19.3 Bi 0.61 1.4 480
169 WB89 1181 08 44 49 −43 43 28 263 47 −00 26 0.98 −7 25.9 Bi 0.33 1.2 1630
170 WB89 1187 08 47 01 −43 21 15 263 44 +00 07 2.24 4 25.3 Bi 1.86 1.43 7100
171 WB89 1189 08 47 39 −43 06 01 263 37 +00 22 0.59 4 15.4 Bi 310
172 08558-4347 08 58 49 −43 47 43 265 28 +01 28 0.7 18 30.0 Bi 1.08 1.1
173 WB89 1275 09 22 46 −51 46 36 274 00 −01 09 6.38 −128 21.5 Bi 1.84 2.12 9.36E5
174 ǫ Ch I-C 11 05 28 −77 06 32 297 12 −15 41 0.14 −38 9.0 Bi
175 ǫ Ch I-N 11 08 22 −76 18 06 297 01 −14 53 0.14 −36 12.3 Bi > 19.5
176 BHR71 IRS2 11 59 00. −64 52 02 297 43 −02 47 0.2 −9.7 MBr
177 11590-6452 11 59 03 −64 52 11 297 44 −02 47 0.2 −10 21 Bi 0.32 8.1
BHR71 IRS1 9
178 12091-6129 12 09 08 −61 29 37 298 16 +00 44 4.0 52 35.8 Bi 0.8 2.53 2.9E4
179 12326-6245 12 32 41 −62 45 57 310 08 −00 13 4.4 −17 35.5 Bi 0.6 1.8 3.8E5
180 12405-6238 12 40 35 −62 38 46 302 02 −00 04 4.5 −5 35.8 Bi 7.3E4
181 12496-7650 12 49 38 −76 50 45 303 02 −14 15 0.25 −62 18 Bi 80
182 12515-7641 12 51 00 −76 41 00 303 07 −14 05 0.25 −61 18 Bi 0.44
HH52-53
183 12522-7640 12 52 12 −76 40 01 303 11 −14 04 0.25 −61 14 MB 0.22
HH54
184 12553-7651m 12 55 20 −76 51 22 303 22 −14 16 0.18 −44 3 Bi 1.2
185 13547-3944 13 54 42 −39 47 42 316 28 +21 05 0.63 144 12 Bi 110
CG12
186 14562-6248 14 56 13 −62 48 03 316 58 −03 42 0.7 −45 11 Bi 0.4
187 Circinus 14 56 19 −63 01 42 316 52 −03 54 1.26 −86 30.0 Bi 4.5 2.0 73
14563-6301 0.7 19
188 14563-6250 14 56 18 −62 50 02 316 58 −03 44 0.7 −46 11 Bi 1.0
189 14564-6258 14 56 25 −62 58 38 316 54 −03 52 0.7 −47 13 Bi 1.4
190 14564-6254 14 56 29 −62 54 57 316 56 −03 49 0.7 −46 19 Bi 1.0
191 14568-6304 14 56 52 −63 04 59 316 54 −03 59 0.7 −48 11 Bi 0.25
192 14596-6320 14 59 37 −63 20 05 317 05 −03 39 0.7 −44 12 Bi 0.2
193 14580-6303 14 58 05 −63 03 36 317 02 −04 01 0.7 −49 12 Bi 0.4
194 14592-6311 14 59 17 −63 11 20 317 06 −04 12 0.7 −51 12 Bi 0.8
195 16019-4903 16 01 59 −49 03 23 332 18 +02 17 2 80 40.0 Bi 4800
196 16191-1936 16 19 09 −19 36 25 356 05 +20 45 0.16 57 6.5 Bi > 0.013 > 1.27 1.8
197 L1686b 16 22 55 −24 12 06 353 04 +17 54 0.16 47 7.6 Bi 14
198 Gss30 16 23 22 −24 15 48 353 05 +16 17 0.16 47 9 Bi 11-12
EL21
199 ρ Oph AS 16 23 22 −24 18 07 353 03 +16 55 0.16 46 6.91 Bi
200 ρOph A 16 23 25 −24 17 46 353 04 +16 03 0.16 44 28 Bi 0.11 14 ≤ 5-10
VLA1623
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201 ρ Oph AN 16 23 28 −24 16 45 353 05 +16 55 0.16 46 16 Bi
202 WL12 16 23 43 −24 28 04 352 59 +16 56 0.16 47 16.0 Bi 4.1
203 EL29 16 24 08 −24 30 37 353 00 +16 39 0.16 46 15.5 Bi 41
204 ρ Oph-B 16 24 13 −24 18 50 353 11 +16 45 0.16 46 12 Bi 0.5
205 IRS43 16 24 25 −24 34 10 353 01 +16 47 0.16 46 19.0 Bi > 0.01 > 1.62 10.1
206 ρ Oph B2 16 24 26 −24 20 37 353 11 +16 42 0.16 46 13.28 Bi
207 L1681B 16 24 26 −24 32 51 353 02 +16 33 0.16 46 13 Bi 0.02 3.3 13
208 IRS48 16 24 36 −24 23 55 353 10 +16 45 0.16 46 18.0 Bi 11.1
209 IRS51 16 24 38 −24 36 35 353 01 +16 33 0.16 45 11.0 Bi 0.05 2.89 1.3
210 L1709Ad 16 27 50 −23 34 37 354 20 +16 34 0.15 43 4.2 MR
211 L1709 16 28 34 −23 56 32 354 09 +16 38 0.16 45 Bi
212 ρ Oph-S 16 28 54 −24 50 06 353 30 +15 29 0.16 43 Bi
213 Re 13 16 28 52 −44 49 15 338 32 +02 37 0.90 33 Bi 288
214 V346N or FuOri 16 28 57 −44 49 08 338 33 +02 15 0.62 23 38 Bi 0.15 1.3
215 ρOph-E 16 29 21 −24 22 13 353 56 +15 37 0.16 44 25 Multi 0.36 2.8 40-400
L1689N 23
16293-2422 27
216 16295-4452 16 29 33 −44 52 05 338 34 +02 01 0.6 21 13 Bi 35
217 16306-4455 16 30 40 −44 55 13 338 41 +01 50 0.7 22 MR 0.45 1.27
218 16311-4457 16 31 07 −44 57 27 338 42 +01 45 0.7 21 11.0 Bi > 0.48 > 1.43
219 L43 16 31 38 −15 40 50 001 21 +20 58 0.16 57 9.5 Bi 0.32 2.5 4.3
RNO91 0.16 Multi 4.3
220 16442-0930 16 44 14 −09 30 02 008 40 +22 11 0.16 60 3.8 MR 0.97
L255
221 L146 16 54 27 −16 04 48 004 30 +16 21 0.16 45 MR
222 17081-2712 17 08 10 −27 21 29 357 05 +07 08 0.16 20 17 Bi 0.58 2.9
or B59-MMS1
223 L100 17 13 04 −20 53 39 003 04 +09 58 0.23 9.5 Bi
224 NGC6334 17 16 37 −35 54 49 351 10 +00 42 1.7 21 60 Bi 1.65E5
225 NGC6334B 17 17 18 −35 48 00 351 20 +00 39 1.7 19 24 Bi 4E5
1.7
226 NGC6334Ic 17 17 34 −35 43 47 351 25 +00 39 1.74 20 175 Bi 0.31 2.0 8E4
1.74 80 8.0E4
227 CB81 17 19 19 −27 05 20 358 44 +05 16 0.6 55 6 MB
228 17364-1946 17 36 00 −19 46 00 007 00 +06 05 14 Bi
L219
229 W28-A2 17 57 27 −24 03 54 005 53 −00 24 3.0 −21 140 Bi 4.2E5
G05.89-0.4 3 3E5
3E5
230 H 36 18 00 36 −24 22 53 005 58 −01 10 1.5 −37 21 Bi 0.07
231 M8E 18 01 49 −24 26 57 006 03 −01 27 1.5 −38 16 Iso 0.31 1.0 2.5E4
3 Bi
232 G9.62+0.19Fm 18 03 16 −20 32 00 009 37 −00 12 5.7 −16 Bi
233 18128-1943 18 12 50 −19 43 21 011 25 −01 22 1.8 −43 17.5 Bi
234 18134-1942 18 13 24 −19 42 36 011 30 −01 29 1.8 −46 17.5 Bi
235 18139-1952 18 13 59 −19 52 16 011 25 −01 41 1.8 −53 MB 1.77 2.0
236 L483 18 14 51 −04 40 49 024 53 +05 23 0.2 23 15.5 Bi 0.1 3.6 14
0.2 9.5± 0.5
237 18150-2016 18 15 01 −20 08 10 011 11 −02 05 1.8 −66 9.5 Bi 1.94 2.8
238 18151-1208 18 15 09 −12 08 34 018 20 +01 46 3.0 93 17 Bi 0.6 1.9 104.3
239 GGD27 18 16 13 −20 48 43 010 51 −02 35 1.7 −77 15 Bi 1.07 2.0 2E4
1.7 18.5 2.0E4
240 18182-1433 18 18 17 −14 33 19 016 35 −00 03 11.7 −4 17 Bi 0.56 1.4 105.1
4.5 104.3
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241 18196-1331 18 19 37 −13 31 47 017 38 +00 09 2.0 5 24 Bi 7.2E4
CRL2136
242 18258-0737 18 25 52 −07 37 30 023 34 +01 35 3.1 86 18 Bi
243 18264-1152 18 26 27 −11 52 27 019 53 −00 32 12.5 −33 35 Bi 0.57 2.1 105.1
3.5 104.0
244 L379IRAS(3) 18 26 33 −15 17 51 016 52 −02 10 0.2 −8 7.0 Bi 0.44 1.6 > 40
2 48.8 103.8
L379IRS1 2 ∼ 1.6E4
245 Serpens SMM1-11 18 27 18 +01 13 14 031 35 +05 23 0.31 29 28
SMM1-4,8.9? 18 27 25 +01 12 16 031 35 +05 20 65 Bi 84-210
246 S68 Firs1 18 27 25 +01 12 40 031 35 +05 21 0.5 47 28 Bi 1.11 1.7 300
SVS 4 90
247 L379IRAS(2) 18 27 43 −15 16 45 017 01 −02 24 2.0 −84 17 Bi 0.88 1.7 960
248 64b,W4 18 28 40 −02 09 00 028 45 +03 31 0.7 37 MR 0.67 2.0 2.8E4
249 18316-0602 18 31 40 −06 02 06 025 39 +01 03 2.8 51 67.4 Bi 1.76E4
G25.65+1.05 1.2 3.1
250 18331-0035 18 33 08 −00 35 48 030 38 +03 15 0.31 18 Bi 2.5
251 18345-0641 18 34 35 −06 41 09 025 24 +00 06 9.5 17 24 Bi 1.4 1.8 104.6
252 18470-0044 18 47 02 −04 43 05 028 35 −01 44 8.2 −248 20 Bi 1.4 1.8 104.9
253 18537+0749 18 53 46 +07 49 30 040 30 +02 32 2.36 104 90c Bi 0.6 1.3
254 G35.2-0.74 18 55 41 +01 36 30 035 12 −01 40 2 −26 28 Bi 1.39 2.6 1.6E4
1.2E4
255 18566+0408 18 56 41 +04 08 03 037 33 +00 12 6.7 24 34 Bi 1.0 2.4 104.8
256 R CrA 18 58 32 −37 01 30 359 56 −17 51 0.13 −40 28 Bi 96
257 19012+0536 19 01 18 +05 36 10 039 23 −00 08 8.6 −11 20 Bi 0.41 1.2 104.7
4.6 104.2
258 19035+0641 19 03 35 +06 41 55 040 37 −00 08 2.2 −5 22 Bi 0.37 2.4 103.9
259 W49 19 07 52 +09 01 11 043 10 +00 00 14.0 1 60 Bi 3E6
260 G45.07+0.13 19 11 00 +10 45 43 045 04 +00 08 6.4 15 24.4 Bi 1.2 2.2 105.77
261 G45.12+0.13 19 11 07 +10 48 11 045 07 +00 08 6.4 15 30 Bi 0.58 3.0 1.66E6
262 L723 2 Flows 19 15 42 +19 06 49 052 59 +03 03 0.3 16 20,60 Multi 0.4 4.1 2.8
0.3 2.4
0.3 6.5
0.3±0.15 3
263 CB188 19 17 57 +11 30 18 046 32 −01 01 0.6 −11 12.5 Bi 0.22 3.9
264 L673 SMM1 19 18 04 +11 16 37 046 20 −01 09 0.3 −6 7.0 Bi 0.12 4.3 2.8
265 L673 19 18 08 +11 14 00 046 19 −01 11 0.3 −6 8 Bi 0.59 1.4 2.8
266 AS353 19 19 09 +10 56 30 046 10 −01 33 0.2 −5 17 Bi 0.27 2.2 7.2
267 19213+1723 19 21 23 +17 23 06 052 06 +01 03 4.12 75 28.0 Bi 1.10 1.44 2.82E4
268 19217+1651 19 21 44 +16 51 42 051 41 +00 43 10.5 132 37 Bi 1.6 3.4 104.9
269 L778 19 24 26 +23 52 37 058 09 +03 31 0.25 15 19 Bi 0.45 2.3 0.57
270 19266+1745 19 26 40 +17 45 41 053 02 +00 07 10.0 0.6 18 Bi 104.7
0.3 101.7
271 19282+1814 19 28 15 +18 14 32 053 38 +00 01 1.8 0.8 14 MB 0.51 1.5 9273
272 B335 19 34 34 +07 27 20 044 56 −06 33 0.40 −46 9 Bi 0.4 2.8 7.6
0.25 3
273 19374+2352 19 37 26 +23 52 57 059 36 +00 55 4.30 69 34.0 Bi 1.42 1.72 2.67E4
274 1548C27 19 40 48 +23 17 09 059 28 −00 03 2.4 −2 20 Bi 580
275 19410+2336(L) 19 41 04 +23 36 54 059 47 +00 04 6.08 7 65c Bi 2.4 104.0
2.48 44
6.4 105.0
2.1 104.0
276 19410+2336(U) 19 41 04 +23 36 54 059 47 +00 04 6.08 7 65c Bi
2.48 44
6.4 105.0
2.1 104.0
277 19411+2306 19 41 10 +23 06 47 059 22 −00 12 5.8 −10 28 Bi 0.52 3.0 104.3
2.9 103.7
278 L810 19 43 22 +27 43 40 063 36 +01 41 2.5 74 13 Bi 0.97 1.4 < 970
CB205
279 S87 19 44 14 +24 28 00 060 53 −00 08 2.7 −6 20 Bi 3.5E4
280 S88 19 44 40 +25 05 30 061 28 +00 06 2.0 4 17 Bi 0.9 1.5
S88 B 2.0 23.5 1.8E5
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281 19471+2641 19 47 06 +26 41 16 063 07 +00 27 5.06 39 20 Bi 6.8 > 1.7
2.62
282 19520+2759 19 52 04 +27 59 30 064 49 +00 10 10 30 24 Bi 1E5
283 19529+2704 19 52 56 +27 04 54 064 08 −00 28 3.37 −28 21.5 Bi 1.03 1.9 3.9E4
4.04 14.9
284 19550+3248 19 54 59 +32 48 26 069 15 +02 09 2.0 75 18.9 Bi 600
2.0 15.5
285 K3-50 19 59 50 +33 24 19 070 18 +01 36 8.8 246 23 Bi 2.6 2.5
19598+3324
286 CB214 20 01 54 +26 29 42 064 42 −02 29 0.6 −26 5 MB
287 CB216 20 03 45 +23 18 25 062 13 −04 32 0.6 −48 16 Bi
288 20050+2720 20 05 02 +27 20 09 065 47 −02 37 0.7 −32 140 Multi 260
289 20056+3350 20 05 36 +33 50 53 071 19 +00 50 1.67 24 58.0 Bi 0.43 2.24 4E3
290 CB217 20 05 55 +36 58 14 073 58 +02 28 0.6 25 5 MR
291 20062+3350 20 06 17 +33 50 32 071 23 +00 42 0.08 2 1 Bi 0.02 1.48 5.4
292 20106+3545 20 10 38 +35 45 42 073 29 +01 01 1.64 29 15.0 Bi 0.46 1.18 1.79E3
293 20126+4104 20 12 41 +41 04 20 078 07 +03 38 1.7 108 63.1 Bi 1.35 1.7 (1-6.3)E4
48.9
4.18 61 7.12E4
294 20188+3928 20 18 51 +39 28 18 077 28 +01 46 2.0 61 18 Bi 1.4 1.6 104.10
0.3 36 1.26E4
295 G75N 20 19 50 +37 17 42 075 47 +00 21 5.5 34 40.3 Bi 0.58 3.3 330
296 G75C 20 19 52 +37 17 04 075 47 +00 20 5.5 33 33.6 Bi 0.56 1.6 5E3
297 G75E 20 19 55 +37 16 52 075 47 +00 20 5.5 32 42.9 Bi 0.60 3.4 430
298 G75.78NE 20 19 53 +37 27 22 075 56 +00 26 5.5 42 36.4 Bi 1.1 1.5 ∼104
299 20216+4107 20 21 38 +41 07 56 079 08 +02 17 1.7 68 15 Bi 103.3
300 V1515Cyg 20 22 03 +42 02 40 079 55 +02 44 11.5 MB
301 20227+4154g 20 22 46 +41 54 29 079 53 +02 33 2 89 5.3 Bi 1.7 1.8 103.46
302 20228+4215g 20 22 50 +42 15 13 080 10 +02 45 2 96 16.9 Bi 1.3 1.4 103.41
303 20231+3440 SMM1 20 23 04 +34 40 16 074 01 −01 42 1.0 −30 31 Bi 1.2 2.6
304 20231+3440 SMM2 20 23 05 +34 43 16 074 04 −01 40 1.0 −29 31 Bi
305 20272+4021g 20 27 17 +40 21 54 079 08 +00 58 2 34 7.3 Bi 103.4
306 AFGL2591 20 27 36 +40 01 14 078 53 +00 43 2.0 25 74 Bi 0.68 1.9 9E4
20275+4001 0.7 103.96
307 20281+4006g 20 28 12 +40 06 29 079 02 +00 40 0.7 23 7.3 Bi 1.50 1.5 102.5
308 20286+4105 20 28 41 +41 05 39 079 53 +01 11 3.7 14 14.0 Bi 1.35 2.54 3.9E4
309 20293+3952#1 20 29 21 +39 52 59 078 58 +00 21 2.0 8 41 Bi 0.22 3.5 103.8
1.3 103.4
310 20293+3952#2 20 29 21 +39 52 59 078 58 +00 21 2.0 8 41 Bi 103.8
1.3 103.4
311 20343+4129#1 20 34 20 +41 29 33 080 50 +00 34 1.4 14 7 Bi 1.34 1.6 103.5
312 20343+4129#2 20 34 20 +41 29 33 080 50 +00 34 1.4 14 7 Bi 103.5
313 20353+6742 20 35 19 +67 42 30 102 20 +15 58 0.44 121 9.5 Bi 3.3
L1152 0.36 3.5
314 W75-N 20 36 51 +42 27 20 081 53 +00 47 2.0 27 22 Bi 0.78 3.5
2.0
62.5 1.4E5
315 DR21 20 37 13 +42 08 50 081 41 +00 32 2.0 19 27 MB 6E5
3.0 60 53 1.5E5
316 L1036 20 37 43 +56 58 56 093 34 +09 30 0.44 72 Bi
317 L1157 20 38 40 +67 51 33 102 39 +15 48 0.44 120 15.5 Bi 11
318 PVcep 20 45 23 +67 46 36 102 58 +15 14 0.5 131 10 Bi 0.22 1.6 80
319 20520+6003 20 52 05 +60 03 18 097 11 +09 54 0.44 76 12.0 Bi 0.25 ∼ 3.4 3.0
L1082A
320 20526+5958 20 52 41 +59 58 19 097 10 +09 48 0.44 75 8.5 Bi 0.40 ∼ 3.3 0.8
L1082B
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321 V1057Cyg 20 57 06 +44 03 47 085 28 −01 03 0.7 −13 15 MB 1.14 3.1 540
322 20582+7724 20 58 12 +77 24 05 111 40 +20 13 0.1 34 15 Bi 0.68 1.8 0.4
323 V1331Cyg 20 59 32 +50 09 56 090 19 +02 41 0.7 33 20 MR 0.83 1.0 36
324 L988-a 21 00 45 +49 51 13 090 13 +02 19 0.7 28 Bi 2.05 2.6 19
325 21015+6757 21 01 32 +67 57 15 104 05 +14 09 0.44 11.5 Bi 134.6
326 L1172D 21 01 45 +67 42 32 103 54 +13 58 0.44 106 15 Bi 1.8 0.95
327 L988-e 21 02 20 +50 02 40 090 31 +02 16 0.7 282 Bi 140
328 L988-f 21 02 25 +49 55 50 090 27 +02 11 0.7 26 Bi 2.23 > 1.92 28
329 B361b 21 10 41 +47 12 01 089 23 −00 41 0.35 −4 9.1 Bi 4.7
330 L944 SMM1 21 15 51 +43 06 08 087 04 −04 11 0.7 −51 11.0 Bi 0.18 3.1 4.4
331 CB230 21 16 55 +68 04 52 105 10 +13 09 0.6 136 8.2 MR
332 IC1396-W 21 24 39 +57 43 14 098 20 +05 14 0.75 68 Bi 1.87 1.7
333 21307+5049 21 30 47 +50 49 03 094 16 −00 25 4.94 −359 20.0 Bi 0.09 2.2 1.23E4
334 21334+5039 21 33 24 +50 39 43 094 28 −00 48 5.0 −70 23 Bi 2.5E4
335 CB232 21 35 14 +43 07 05 089 38 −06 37 0.6 −69 11 Bi 0.22 2.8
336 V645Cyg 21 38 11 +50 00 43 094 36 −01 48 5.6 −176 26 Bi 1.87 1.7 1.1E5
6.0 28
337 GN21.38.9 21 38 54 +56 21 33 098 51 +02 55 0.75 38 10 Bi 0.09 2.2 (1-1.1)E2
338 IC1396-N BIMA1 21 39 08 +58 02 24 099 59 +04 10 0.75 54 19 Bi
339 IC1396-Nn 21 39 10 +58 02 29 099 59 +04 10 0.75 54 20 Bi 0.38 2.9 (5-3.4)E2
42.9 2.6E2
340 IC1396-N BIMA2 21 39 10 +58 02 31 099 59 +04 10 0.75 54 43 Bi
341 1413+5442 or G98.04 21 41 21 +54 42 32 098 02 +01 27 7.4 187 16.9 Bi 1.1 1.3 (2.5-13.9)E4
342 NGC7129 FIRu 21 41 52 +65 49 50 105 22 +09 51 1.0 171 13 Bi 1.1 1.9 (2-10)E2
343 NGC7129 FIRS2-MM1 21 41 52.5 +65 49 36 105 22 +09 50 1.25 171 Bi 10
344 NGC7129 FIRS2-IR 21 41 52.6 +65 49 40 105 22 +09 50 1.25 171 Bi
345 NGC7129 FIRS1-IRS6 21 41 57.3 +65 53 08 105 25 +09 53 1.25 172 Bi 500
346 NGC7129 FIRS1-MM1 21 41 57.3 +65 53 10 105 25 +09 53 1.25 172 Bi 50
347 LKHα234 21 41 57 +65 53 05 105 25 +09 53 1.0 172 15 MR 0.8 1.3 1E3
348 21428+4732 21 42 51.2 +47 32 55 093 35 −04 10 1 73 11.0 Bi 0.66 2.5 < 4
349 21429+4726 21 42 59 +47 26 40 093 32 −04 16 1.0 −74 13 Bi 0.6 35
14.5 35
350 21432+4719 21 43 17 +47 19 30 093 29 −04 23 1.0 −76 15 MB 1.4-2.1 40
15.0 40
351 21441+4722 21 44 06 +47 22 11 093 38 −04 26 1.0 −77 13.5 Bi 1.2 < 5
14.0 < 5
352 IC1396-E 21 44 31 +57 12 29 099 59 +03 04 0.75 40 MR 96
353 EL1-12 21 45 27 +47 18 08 093 46 −04 38 0.9 −73 24.7 MR 0.23 1.1 95
L1031B 25 245
IC5416 29
26.1 157
354 21461+4722 21 46 07 +47 22 40 093 54 −04 39 1.0 −81 9 MR 11
9 11
355 BBD+46◦3471 21 50 39 +46 59 34 094 15 −05 26 0.9 −85 15 Bi 150
356 21519+5613 21 51 58 +56 13 34 100 10 +01 40 7.30 212 30.0 Bi 2.49 1.89 1.91E4
357 22051+5848 22 05 10 +58 48 06 103 08 +02 39 8.7 Bi
L1165
358 22103+5828 22 10 24 +58 28 42 103 30 +02 00 0.90 31 16 Bi 0.25 1.2 67
359 22134+5834 22 13 24 +58 34 12 103 53 +01 51 2.6 29 26 Bi 1.25 1.48 104.1
0.9 19.0 1580
360 22142+5206 22 14 15 +52 06 26 100 23 −03 35 4.5 −281 20.2 Bi 2.1 3.6 16100
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Table 1a CO Molecular Outflows(continued)
No.
(1)
Name
(2)
α
h m s
(3)
δ
◦ ’ ”
(4)
L
◦ ’
(5)
b
◦ ’
(6)
D
kpc
(7)
Z
pc
(8)
∆V
km/s
(9)
Po.
(10)
Rmax
pc
(11)
Rcoll
(12)
Lbol
L⊙
(13)
361 22172+5549 22 17 18 +55 49 40 102 48 −00 43 2.87 −36 18.0 Bi 1.48 1.64 4.78E3
362 S140 22 17 41 +63 03 49 106 48 +05 19 1.0 93 42 Bi 0.24 1.7 2E4
120 1.4E4
0.91 5E3
0.9 (0.5-9.0)E4
363 S140-N 22 17 52 +63 17 50 106 57 +05 30 0.9 86 32 Bi 0.21 1.4 40-400
22175+6317
364 L1204-A 22 19 51 +63 36 33 107 18 +05 38 1.28 88 34 Bi 1.24E3
22198+6336 0.9
365 L1204-B 22 19 56 +63 22 12 107 11 +05 26 0.9 85 MB
22199+6322
366 L1221 22 26 37 +68 45 52 110 39 +09 38 0.2 33 14.1 Bi 0.31 2.1 2.7
22266+6845
0.2 Multi 2.7
367 L1203 22 26 47 +62 44 22 107 30 +04 29 0.9 70 Bi
22267+6244
368 L1206 22 27 12 +63 58 21 108 11 +05 31 0.9 86 15 MB 0.13 2.1 1.2E3
369 22305+5803 22 30 31 +58 03 30 105 30 +00 14 5.40 22 26.0 Bi 2.14 2.09 1.41E4
370 22336+6855 22 33 36 +68 55 20 111 17 +09 27 0.58 49 12 Bi 0.6
371 22343+7501 22 34 22 +75 01 32 114 29 +14 42 0.20 51 7 Bi 0.55 1.6 27
372 22376+7455 22 37 41 +74 55 50 114 38 +14 30 0.2 50 < 6 Bi 0.24 14
L1251
373 L1211 22 45 23 +61 46 07 108 55 +02 35 0.75 34 Bi
22453+6146
374 22475+5939 22 47 31 +59 39 03 108 12 +00 35 4.7 48 Bi 1.6 1.8 5.1E4
S146 5.2 18.0 6.2E4
375 22506+5944 22 50 37 +59 44 50 108 35 +00 30 5.1 44 10.5 Bi 0.94 1.2 1.5E4
10860+0049
376 Cep A 22 54 19 +61 45 44 109 52 +02 07 0.73 27 40 Bi 0.5 6.2 5E4
132 2.5E4
1.9E4
377 22570+5912 22 57 03 +59 12 22 109 06 −00 21 5.1 −31 24 Bi 104.7
378 23011+6126 23 01 10 +61 26 16 110 29 +01 29 0.73 20 20 Bi 0.5 3.8 50
Cep E
379 23032+5937 23 03 17 +59 37 40 109 60 −00 17 3.5 −17 20 Bi 1.1E3
380 23033+5951 23 03 19 +59 51 59 110 06 −00 04 3.5 −4 34 Bi 0.90 2.6 104.0
381 Cep C 23 03 46 +62 13 49 111 04 +02 05 0.75 27 Bi
23037+6213
382 MBM 55 23 05 54 +14 49 00 089 11 −40 56 0.18 −118 6.5 Bi 0.44 2.2
383 NGC7538f 23 11 36 +61 11 49 111 32 +00 47 2.8 38 35 Iso 1.3 1.0 1.6E5
384 NGC7538 23 11 36 +61 10 33 111 32 +00 45 2.7 36 30 Bi 0.4 1.0 1E4
IRS11 2.8 (0.69-1.1)E4
385 NGC7538 23 11 37 +61 11 48 111 33 +00 47 2.7 36 18 Bi 0.5 1.1 1.5E5
IRS1 2.8 (5.1-13.6)E4
386 NGC7538 Ad 23 11 39 +61 10 18 111 32 +00 45 2.7 35 30 Bi 0.65 3.3
387 NGC7538 23 11 45 +61 10 48 111 33 +00 45 2.7 36 30 Bi 0.8 1.0 3E4
IRS9 2.7 (4.7-5.2)E4
388 23139+5939 23 13 58 +59 39 00 111 15 −00 46 3.5 −47 18.5 Bi 0.7 1.3 1.9E4
G111.25 3.5 2.5E4
4.8 28 2.5E4
389 23140+6121 23 14 02 +61 21 22 111 52 +00 49 6.4 92 17 Multi 4.35E4
390 23151+5912 23 15 09 +59 12 25 111 14 −01 14 5.7 −76 54 Bi 0.47 1.3 1.0E5
3.5 3.9E4
391 MWC1080 23 15 16 +60 33 52 111 44 +00 02 2.5 1 26 Iso 1.2 1.0 1.7E4
109
392 L1246 SMM1 23 22 52 +63 20 10 113 31 +02 20 0.73 30 6.0 Bi 0.04 2.2 1.8
393 CB244 23 23 48 +74 01 08 117 07 +12 24 0.2 43 9.1 Bi 0.03 1.5 0.9
L1262 0.6 0.39 3.7
394 23314+6033 23 31 25 +60 33 55 113 36 −00 37 2.78 −30 46.0 Bi 0.22 1.74 1.09E3
395 23385+6053 23 38 28 +60 53 51 114 32 −00 33 4.7 −46 8.6 Bi 0.85 1.3 24300
6.9 24 7.57E4
396 23545+6508 23 54 34 +65 08 29 117 19 +03 09 1.4 77 26.2 Bi 0.9 4E3
397 CB247b 23 55 04 +64 30 10 117 14 +02 30 0.6 26 11 MR
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Table 1b Parameters of CO molecular outflows
No.
(14)
Name
(15)
M
M⊙
(16)
P
M⊙km/s
(17)
E
1045erg
(18)
t
104yr
(19)
Lm
L⊙
(20)
F
10−4M⊙km/s yr
(21)
M˙o
10−5M⊙/yr
(22)
IIH2WIa
(23)
Ref.
(24)
001 LKHα 1.5
h 2.6 0.056 0.02 0.4 H W 1,7,347
0.00141 0.07 0.32 2,251k
002 00117+6412 45.5 321.8 8.00E+02 8 8.2 40 4 W 382,345
207
003 00213+6530 1.13h 8.31 0.611 18 2.94E−2 W 85,347
004 00259+6510 1.52h 14.2 1.32 11.5 10.01E−2 85
005 00259+5625 0.4 2.8 0.2 1.5 0.11 2 0.2 WI 240,231
CB3 4 37.2 5.5 0.5-1 5.6 53 32 201,178,179
006 00338+6312 0.3 4.5 0.69 1.2 0.5 0.15 W 104,345
L1287 2.5 13.2 0.79 11 0.06 1.2 3
RNO1b/1c 4.5h 51.4 7.3 1.6 118
007 00342+6374 11 385 133 2.8 39 140 0.4 370
008 00420+5530 46.9 238.7 17.7 W 207,346
009 00494+5617 11.4 59.2 3.4 24 0.12 2.5 WI 3,349,345,424
010 NGC281-E 86
011 01133+6434 2-5 7-19 0.6-2 8 0.06-0.2 0.9-2 W 87,345
012 W3-IRS5 > 0.31 II W 1,4,341,345
8.02 110.1 16.07 4.8 152,255,348
2016 3.6 2594 7560 239,349
013 IC1805-W H W 86,254,328,347
014 02310+6133 508.1 2.52E+03 1.00E+02 51.5 1.59 31 2.45 381
015 02461+6147 85 271 30 35 0.71 8 0.26 II 380
016 AFGL4029 9.7 33.1 1.2 17 0.06 1.9 IIH W 32,337,346
02575+6017
017 AFGL437 > 23h 20 6 2.7 28 II 2W 1,5,7,345
620 5.77 750 2350 239,302,337
018 RNO13 0.2 2.3 3.4E−2 H2 7,8,265,266
019 L1448 IRS2 IIH W 242,345,347,374
020 L1448 0.07 1.9 0.66 0.32 2 H2WI 9,232,265,266,410
IRS3 0.06 0.56 0.52 1.7 228,345,347,374
021 L1448 U-star 0.06 2 H2WI 9,266,232,347,410
022 AFGL490-iki 3.4 27 2 II 192,274
03234+5843
023 AFGL490 15.4h 1.33E+02 14 1.7 6.8 78 II 2W 11,252,268,302
4.9-14 44.3 68-150 1.8 115,19 400,76 1.3c 1,7,152,228
30 200 1.2 600 10,345
15.4 493 158 1.8 19 255,354
024 L1455NW 0.3-0.9 0.01-0.1 H W 13,345
0.3-0.9 1.6-9.6 0.09-0.81 5.7-2.8 0.01-0.1 0.3-2.8 3-28 14
12
025 RNO15FIR 0.07 2.2 9.2E−3 H2W 8,268
L1445 FIR 14,345
0.2 109
026 L1455M 0.6-3.1 2.9-30.2 0.2-3.1 4.7-2.9 0.04-1.0 0.6-9.8 0.06-0.98 H W 14,8,13,108,228,345
027 NGC1333 H W 16,347
028 IRAS2NNE-SSW 0.251 1.38 0.106 1.7 0.011 0.19 H2W 222,267,345,347
029 IRAS2east-west 0.0287 0.165 1.29E−2 0.9 0.0157 0.24 H2W 222,267,345,347
030 HH12 0.1 0.6 0.04 0.7 3.0E−2 H2WI 17,297,334,347
0.2 1.2 0.08 1 10−1.2 100.1 0.04 18,345
0.09 0.31 0.016 2.7 0.0049 0.11 222,90
031 HH7-11 SSV 4 6.4 40 H2W 7,135,271
1.03 1 2.6 12 228,345
4.2h 7 2 17 0.8 19,347
2 11 4 1 3.3 20 96,392
0.3 2.5 0.3 0.56 0.47 4.5 222
032 NGC1333 0.034 0.201 0.0152 1.2 0.0123 0.19 H2WI 222,169,135,267
IRAS4A 232,231,331,345,390
033 HH6 0.038 0.173 0.0105 0.57 0.0162 0.31 H W 222,345
034 03271+3013 ∼ 0.1 H2 121,269
035 03282+3035 0.09 ∼ 2.2 ∼ 0.77 0.75 0.9 3 1.19 2 121,269,270
0.06 1.3s 0.13 0.56 228
036 03301+3057 7E−4 0.01 1.8E−3 ≤ 0.1 1.6E−2 H W 126,418
Barnard 1 5E−3 200
037 HH211 0.02 < 0.1 H2 209,278,407
038 B5-IRS3 0.1 0.4 0.02 9 H2 21,20,272
039 B5-IRS1 0.02 0.3 0.05 1 H2 21,20,272,391
1.2-50 12.6-230 1.4-11.7 10 0.26 10 272,224,310
040 B5-IRS4 5 16 0.39 24 21,20
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No.
(14)
Name
(15)
M
M⊙
(16)
P
M⊙km/s
(17)
E
1045ergs
(18)
t
104yr
(19)
Lm
L⊙
(20)
F
10−4M⊙km/s yr
(21)
M˙o
10−5M⊙/yr
(22)
IIH2WIa
(23)
Ref.
(24)
041 B5-IRS2 0.4 2 0.15 14 21,20
042 L1489 0.04 0.04 1.2E−3 13 4E−4 0.002 2E−4 IIH2WI 22,13,23,274,347,375
043 PP 13S ∼ 0.01 0.24 0.61 ∼ 0.15 H W 323,345
044 04166+2706 0.031 H I 190,330,334
045 04181+2655 0.022 H 190
046 T Tau > 0.10 > 0.068 > 0.6 H W 7
0.22 4 1.4E−2 80,12
0.44 0.98 0.17 1.7 228
047 04191+1523 86
∼20 < 0.02 I 146,367,368
IRAM04191 0.03 383
048 04239+2436 4.3 > 3.2 > 0.026 0.4 (0.11-3.6)E−2 2 238,145,146,274
049 Haro 6-10 H I 84,86
L1524
050 ZZ Tau 0.04 0.11 0.3E−2 4 7E−4 3.1E−2 3.1E−3 H 24,13
051 L1551-IRS5 0.3 6.7E−2 3 0.2 2 8E−2 H2 I 1,25,26,267,334
1.22 5.6 0.36 3 0.3 5 245,276
3.11 4.7 2.1 11 228,402
052 L1551NE 0.34 0.68 2.75E−2 ∼ 60 H I 128,232
6.9E−3 0.03 1.5E−3 ∼ 0.2 0.05 184
053 HL/XZ Tau 0.01 0.7 4.1E−3 H W 8,243
0.001 0.003 0.0001 1.6 2.1E−3 6.0E−3 80,347
054 TMC2Ab 23
172
055 L1529 < 1 H 27
056 04325+2402 0.06 0.17 0.5E−2 19 3E−4 9E−3 0.9 E−3 2W 24,22,31,215
L1535 13,347
057 L1642 0.0004-0.01h 0.001-0.02 0.2-6E−4 3.6 0.0002-0.005 0.04-1E−3 H 29
058 L1527 0.1-0.5 2E−3 I 30,231,232,235,253
L1527 IRS 0.176c 1.2 0.163 1.61 1.77 246,367,331,329
059 04361+2547 0.008h 0.6 0.04 WI 144,345
060 TMC1A 1.5E−2h 1.1E−1 9.2E−3 0.227 7.2E−2 0.64 I 197,31,84,145,330,334
061 IC2087 0.28 0.72 2.0E−2 19 8E−4 0.038 3.8E−3 H 24,13
062 04381+2540 2 84,145,274
TMC1 9.5E−3h 7.1E−2 6.7E−3 0.038 0.29 197,146,23
063 05137+3919 115.7 724.7 76.7 W 207,346
064 HH114/115 0.3 383
065 05168+3634 15.6 247.8 50 W 207,346
066 L1634 H2 86,25,215,267,268
067 AFGL5142 4.9 14.3 0.6 20 0.03 0.72 H W 32
05274+3345 1082 3.28 5.47 109 239
3.1 170 1.7 5.8 18 313
2.4 63 1.3 2.7 18 313
068 L1582B 0.12-0.6 0.42-2.1 0.016-0.081 9.5 1.4-7E−3 0.044-0.22 0.0044-0.022 H I 31,28,232
069 RNO43l 24 20 0.67 12 H I 228,232
0.42hv 1.63 0.74 0.13 6 4 0.4 351
070 RNO43S 2.1 5.8 0.4 10 3E−2 H 17,7
071 RNO43N 2.2 5.6 0.4 8 4E−2 H 17,7
072 Ori A-W 16h 1.9 0.037 W 86,346
33
073 HH83 0.11h 0.438 0.0187 5 3.2E−3 0.092 H 165
074 Orion-S 2.8 4 0.21 H W 8,12,103,35,37,34,349,345
349,345
075 CSO 2 0.09 0.22 2.3 9.60E-02 0.39 H 262
076 05327+3404 H 371
395
077 Orion-A 8.2h 160 42 0.15 230 1100 100 IIH2W 11,151,37,41
Orion-KL 5 2.00E+02 2600 5200 1,7,39,249
8.2 533 346 0.075 1.00E+03 255,345,349,278
8.2 0.075 1.00E+03 2.00E+03 228
078 Orion-KLN 0.0016 > 1.2E−2 H W 129,349
079 AC 3 0.24 1 3.3 0.31 0.73 H 262,404
080 FIR 1 0.49 1.4 1.7 0.8 2.9 H W 262,345
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No.
(14)
Name
(15)
M
M⊙
(16)
P
M⊙km/s
(17)
E
1045ergs
(18)
t
104yr
(19)
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L⊙
(20)
F
10−4M⊙km/s yr
(21)
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10−5M⊙/yr
(22)
IIH2WIa
(23)
Ref.
(24)
081 OMC-2/3(MMS 9) 0.6 3.2 3.3 0.98 H2W 262,345,345
12.3 30.9 1.22 5 266 316,404
082 OMC-2 1.8h 6.5 0.33 0.9 H2W 88,316,277,349,345,404
083 HH 34 0.0009 0.004 1.63E-04 261
084 MMS 10 0.29 1.3 3.1 0.42 H 262
085 L1641N 1.6h 9.3 0.57 1.4 0.15 H2W 133, 33,34,273
2.18h 49 11 0.99 2.0-9.1 10-49 116,347,291
086 CS-star HH1 1.1E−3 0.0458 1.994E−2 0.1 H2W 195,7,137,275,278
VLA1 0.7 1 0.22 8,345,386
34
087 05339-0647 H W 263,345
088 VLA3 0.0987 1.2029 0.177 H W 195,263,345
089 VLA 2 H W 263,345
090 HH 1-2 0.073 0.35 1.56E−2 261
091 05339-0646 3.5 32 2.4 4 0.6 9 0.9 421
092 V380 Ori 0.8 3 0.064 H2W 8,34
NGC1999 1.9 8.4 9 0.05 17,278,345
093 V380/OriNE 0.32 4 0.024 H2 8,7,273
0.2 2.6 0.36 1.58 0.2-1 1.6 264
094 V380/OriS 2.8 4 0.21 H 8,7,12
095 05341-0539 Ori A-E 21h 4.7 0.24 W 86,33,346
096 AFGL5157 7.6 37.1 2 19 0.09 H2W 32,282,3
05345+3157 672 2.49 217 1310 239,203,346
6.1 38.3 3.7 207
097 Ori-I-2 0.5h 0.2 0.05 5 6E−3 H 89
05355-0146
098 05358+3543 15.7 87.8 5.4 17 0.26 5.2 2W 3,279,314,350
8.9c 65 4.7 3.25 1.2 7.8 203,345
21h 288 40 3.7 9.1 79 237
099 05358+3543 A+Bi 9.6 3.7 W 325,345
100 05361+3539 32 170 9.4 5.3 1.4 II 2W 194,255,284,345
G173.58
101 05363-0702 2.6 0.19 0.006 2 34,86,278
L1641C 11 0.006 138
102 Haro 4-255 0.72 5 0.042 H2W 8,34,153,278,291
326j,161,347
103 GGD4 W 90,345
104 S235B > 2h II W 1,6,7,77,341,349,345
105 L1641S3 0.35 0.17 0.017 2W 86,269,278
FIRSSE101 0.38 7 1.3 0.99 <3.2-1.1 <2.1-7.0 116,345
34
106 L1641S 1.4 0.3 7 0.013 H2 138,33,86,269
107 L1641S4 0.08 0.23 10 0.003 86,138
108 NGC2023-MM1 0.52c 3.5 0.48 0.25 0.29 30.3 218
109 NGC 2023 59
05391-0217 2.86h 22.26 1.6 2.9 0.44 7.6 0.76 IIH2W 181,1,7,182,281,374
110 NGC2024 FIR 4 0.04 0.4 0.04 0.26 0.13 360,388
111 NGC2024 FIR 5 1.6h 20 3.4 1.4 2 WI 107,360,364,232,388,418
112 NGC2024 FIR 6 0.13 2.1 0.7 0.04-0.33 15 I 360,232
0.13 2.1 0.7 15 102
NGC2024w 0.59 8.53 1.35 388
113 NGC2024 Ori Bt 5.5h 82.5 25.3 II 2WI 101,1,7,283,337,338
349,345,346
114 L1641S2 2.5 0.037 138
0.8 0.37 0.037 86
0.65h 4.1 0.35 0.7 99
383
115 05413-0104 0.2 H2W 215,278
HH212 345
116 B35 0.86 2 6.4E−2 18 2.9E−3 0.11 0.011 H 22,28,13,315
117 HH26IR 3.1 1.8 15 H2WI 7,280,232,331
3.1 13 2.4 3 4.3 0.22 43
118 HH25 MMS 0.05c 0.16 6.7E−3 1.7 7.1E−3 9.2E−2 IIH2 I 408,232,409
119 HH24 3.2 0.24 4 H2WI 7,280,345
3.2 15 1.7 6 2.7 0.13 43,387,409
120 NGC2068/LBS17 0.12 0.71 0.052 1.8 0.394 H 379
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IIH2WIa
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121 NGC2068 2.1 6.9 0.5 20 8E−3 H 17,67
122 CB34 0.6 4.2 0.29 1.5 0.15 2.8 0.28 H2 240,394
178,179
123 NGC2071 20 2.80E+02 175 600 IIH2W 1,7,45,175,266,376
9.7 81.4 8 1.6 4 51 4 11,46,152,297,345,374
9.7 1.4 24 91 228,349,346
124 NGC2071N H 33
5 0.3-3 0.05-0.2 110
125 05487+0255 0.8h 21 3.7 1.2 H 75
126 05490+2658 7.1 25.5 0.97 37 0.02 0.69 3
127 05491+0247 0.2h 2.7 5.4 0.055 H2 I 215,75,114,333,411,412
128 L1598NW H 86
129 L1598 0.5 2.2 49 1.6 H 91
130 05553+1631 11.9 44.3 2 46 0.04 0.96 0.035-0.26 IIH2W 3,307,255,339,413
G192.16 58 210 9.4 27 0.2 7 194,255,346
131 CB39 30 178,179
0.6 4.8 0.4 2.1 0.14 2.2 240
132 HD250550 > 1.8 > 0.03 0.6 7
133 S241 64.99 554 40 14 2.4-16 40 4 W 198,1,346,345
134 06047-1117 H2 220
135 Mon R2 100h 2.30E+02 24 200 II W 1,7,255,338
202 ∼ 2000 290 15 16 160 81,255,349,345
136 AFGL 6366S 3.4 20.1 1.3 11 0.1 1.8 II W 32,337,346
137 AFGL 5180 2.3 12.7 0.76 6.8 0.09 1.9 II 2W 32,302,337,349,345 24
138 GGD 12-15 > 1 ≥ 9 ≥ 0.8 ≥ 3 > 0.42 > 4.0 II W 1,49,7,337,338,345 25
139 S255-IRS1 25.8h 87.9 1.7 50 0.06 1.8 0.18 II W 1,7,117,337,345
S255 349
140 Mon R2E H W 86,345
141 06114+1745 24h 180 11 10 0.9 19 1.9 W 181,183,191,345
142 06291+0421 13h 103 7 7.3 0.78 17 1.7 W 181,184,346
143 06308+0402 7 36.9 1.4 16 0.07 2.3 II W 3,341,346
144 AFGL961 20 80 11 70 2 1,7,50,286
19 380 80 6 10.2 60 51,153
145 NGC2261 1.4E−3 74
RMON
146 Mon OB1H 1.6-2.3 17-53 1.2 1.1-8.2 47,53,147
147 Mon OB1D 16-30 92-520 6.9 0.36-11 II W 47,134,53,275
NGC2264D 153,346
148 Mon OB1I 0.14-0.22 1.0-3.1 3.9 0.01-0.092 47,53
149 NGC2264G 2 I 206,291,335,336
150 NGC2264 1.6-7.2 11-150 1.1 0.32-25 WI 47,53,1,334,344
Mon OB1C 147,349,346,345
151 Mon OB1G 1.3-1.9 26-93 1.8 1.9-21 2 47,53,132,291
152 S287N 86
06453-0209
153 BFS 56 0.3h 0.14 0.011 W 86
06567-0350 347
154 BiP 14 38h 8.7 0.3 W 86
06567-0355 347
155 CMa-W W 86
06568-1154 347
156 S287-B 0.3h 0.12 0.003 H W 86,347
157 S287-C 0.3h 0.07 0.003 H W 86
158 L1654 2W 86,287,347
159 S287-A 1.0h 0.12 0.003 W 86,346
160 Z CMac 0.82h 3.2 0.145 3.1 3.62E−2 IIH 118,342
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F
10−4M⊙km/s yr
(21)
M˙o
10−5M⊙/yr
(22)
IIH2WIa
(23)
Ref.
(24)
161 CB54 0.75 4.4 0.26 2.8 0.077 1.6 0.15 I 178,179,231,329
162 07028-1100 44 267 13.5 24 0.5 11 1.1 421
163 L1660 3.2 7.8 1.8 IIH2W 91,280,255
338,339,346
164 07427-2400 8.26h 93 11 2.3 3.9 40 W 193,255,346
G240.31+0.07
165 WB89 1099 1.07 1.97 6.0E−2 6.5 0.0076 H2 I 196,267,232
HH120
166 WB89 1135 151 419 16.1 37.9 0.36 196
167 HH46/47 0.03-0.3h 1.9 2.2E−2-0.14 4 0.0045 H2 111,127,289
ESO210-6A
168 WB89 1173 28 58 1.8 15.8 0.094 2 196,285
169 WB89 1181 14 49 2 7.2 0.44 2 196,285
170 WB89 1187 55 171 7.7 16 0.4 2 196,285
171 WB89 1189 2.3 3.7 0.083 8 0.0086 2 196,285
172 08558-4347 13.1 107 10.4 5.0-26 1.29-4.41 256,259
173 WB89 1275 66b 255 11.9 27.8 0.36 II 196,338,343
174 ǫ Ch I-C 0.15 0.014 2.7 4.5E−3 112
175 ǫ Ch I-N 0.21 0.037 3.8 8.1E−3 112
176 BHR71 IRS2 0.004 H 318
177 11590-6452 1.33 3.2-37.3 0.147-10.36 1.05 0.025-8.3 H2 177,188,288
BHR71 IRS1 0.06 318
178 12091-6129 115 0.8-27.3 26-8.61E5 208
179 12326-6245 320 5000 > 360 ∼ 1 100 1500 II W 219,338,343
416,349,417
180 12405-6238 243 1.2-37.6 39-1.288E6 II 208,338,343
181 12496-7650 H 130
182 12515-7641 2.4h 7.5 0.25 8.1 0.033 1.3 130
HH52-53
183 12522-7640 0.68hb 1.6 0.039 3.2 0.01 0.5 H 130,143
HH54
184 12553-7651m 2.9 4.7 0.074 11 5.6E−3 357
185 13547-3944 0.05 1.6 0.017 2.7 4.2E−3 0.59 167
CG12
186 14562-6248 0.3 2.3 0.2 H 229
187 Circinus 50.6 540 85 H 229,186,226
14563-6301 4.86 47.5 5.06 6.7
188 14563-6250 0.3 2.3 0.2 229
189 14564-6258 0.6 6 0.6 H 229
190 14564-6254 4.02 38.8 4.17 H 229
191 14568-6304 0.15 1.2 0.11 H 229
192 14596-6320 0.4 4 0.4 229
193 14580-6303 0.4 4 0.4 229
194 14592-6311 0.4 4 0.4 1.4 H 229
195 16019-4903 90 0.9-28.2 18-5.90E5 208
196 16191-1936 0.004± 0.0003 II 190,342
197 L1686b > 0.003 > 0.016 > 0.09E−2 6.8 > 1.1E−4 >2.3E−3 > 2.3E−4 H 28,31
198 Gss30 0.03 6.7 H2W 56,139,140,291
EL21 347
199 ρ Oph AS 4.72E−3 (3.63-7.0)E−2 (2.74-10.6)E−4 0.54-0.2 6 (3.73-30.0)E−3 378
200 ρOph A 0.02 1 0.5 0.22 1.9 4.5 0.23 H2WI 106,232,347
VLA1623 291,293
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No.
(14)
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M⊙
(16)
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M⊙km/s
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t
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(22)
IIH2WIa
(23)
Ref.
(24)
201 ρ Oph AN 1.34E−2c 9.92E−2- 7.47E−3- 0.66- 9.15E−3- 0.084 378
2.88E−1 6.23E−2 0.2 2.495E−1
10.3E−3 5.2E−2- 2.8E−3- 1.23- 1.92E−3- 378
1.35E−1 1.75E−2 0.46 3.09E−2
202 WL12 0.06± 0.006 H 190
203 EL29 0.15± 0.014 190
204 ρ Oph-B 0.17h 92
205 IRS43 0.15± 0.012 W 190,345
206 ρ Oph B2 1.66E−2c 7.4E−2- 3.4E−3- 5.6- 8.1E−4- 0.094 378
2.06E−1 2.5E−2 0.74 4.6E−2
207 L1681B 0.03h 0.4 0.4 II WI 84,345,375
208 IRS48 0.30± 0.061 190
209 IRS51 0.055± 0.018 W 190,345
210 L1709Ad 31
211 L1709 86
212 ρ Oph-S 86,234,331,233
213 Re 13 1.25 0.076 1 H 114,115
214 V346N or FuOri 0.37hc 3.42 0.4 1 3.42 0.133 H2 114,118,115,290
215 ρOph-E 0.59h 3.7 0.27 9 0.0183 II WI 33,131,105,231
L1689N 0.8 12.8 0.05 1.7-5.8 2.1 16.3 > 0.1 136,233,234,33
0.15 0.7 0.9 0.05 0.7 131,369,339
16293-2422 0.39 2.5 0.43 3.2 228,345,105
216 16295-4452 320
217 16306-4455 189
218 16311-4457 1.36 0.114 1.5 189
219 L43 0.11 0.12 0.0052 17 2E−4 0.005 0.5E−3 II 2W 22,23,69,215,13
RNO91 0.04 383,347,358,374
220 16442-0930 W 86,84,23,347
L255
221 L146 86
222 17081-2712 0.342 1.44 0.0629 4 0.0099 257
or B59-MMS1
223 L100 93,403
224 NGC6334 86h 502 41 1.3 3.31 W 88,57,59,349,353
225 NGC6334B 2344 2.82 6.2 141 II W 239,338
120,349,352
226 NGC6334Ic 2.3 92 43 0.23 170 II 2W 96,291,255
3317 0.6 71.9 766 239,349,352
227 CB81 178,179
228 17364-1946 II 168,342
L219
229 W28-A2 40.4 593 113 56.4 II W 152,338,342
G05.89-0.4 70 1600 800 0.2 1600 94,349,345
255
230 H 36 II 322,338
231 M8E 9.6 2.9 45 II 7,1,342
39.2 18 50 58,348
232 G9.62+0.19Fm ∼ 50 0.8 II 255,355
233 18128-1943 14.1 67 3.7 14 0.14-0.36 260
234 18134-1942 37 180 10.2 13 0.36-2.24 W 260,346
235 18139-1952 180 610 26 7 1.3-11 260
236 L483 WI 124,231,93
232,329,347
237 18150-2016 3.2 11.6 0.44 24 0.03-0.09 260
238 18151-1208 12h 106 9 7.1 1.1 15 W 237,347
239 GGD27 460h 5300 78 10 6 5300 IIH2W 15,294,337,338,339
407h 7.63 15.8 147 239,345
240 18182-1433 203 1665 150 15.3 8.2 110 W 237,349,345
30 246 23 8.9 2.1 28 34
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241 18196-1331 50 ∼ 10 II 2W 164,295,340,342
CRL2136 347
242 18258-0737 34.5c 128 15.4 6.27 2.1 3.7 II 203,339
243 18264-1152 405h 6818 1100 7 135 980 W 237,314
31h 534 90 3.7 20 140 237
244 L379IRAS(3) 1.8 ≤ 2.4 ∼ 0.35 5.6 II W 42,339
21.3h 510 130 3.3 32 30-160 116,347
L379IRS1 0.67 8.7 2.6 327
245 Serpens SMM1-11 ∼ 1.8 12.3 18.1 H WI 331,345,415
SMM1-4,8.9? 0.3 2 3 365,406
246 S68 Firs1 IIH2WIa 1,78,7,292,331,361,76
SVS 4 405
247 L379IRAS(2) 10.7 92.4 6.6 14 II W 91,42,342,346
248 64b,W4 4.1h 11.1 0.28 24 0.009 0.45 4.5E−3 173,420
249 18316-0602 II 2W 303,255,337,339
G25.65+1.05 7.64h 136 27 1.8 12.4 76 193,346
250 18331-0035 H 395,396
251 18345-0641 143h 1841 240 15 13.1 120 II 237,340
252 18470-0044 102h 1050 110 14.8 6 71 237
253 18537+0749 14.0c 240 5.5 2.3 33.3 1.21 II W 203,341,349,346,345
254 G35.2-0.74 ∼ 60 800 2 320 1.00E+03 8 II W 72,73,54,191
73h 4.6 5.1 2.70E+02 228,337,340,349,345
255 18566+0408 32h 540 91 7.5 10 72 W 237,347
256 R CrA 0.13 2.7 1.5E−2 H2 8,293
257 19012+0536 134h 1339 130 12.2 8.9 110 237
38h 383 38 13 2.4 29 237
258 19035+0641 3h 28 3 2.9 0.9 10 W 237,349,345
259 W49 600h 3500 670 II W 95,341,340,349,345
260 G45.07+0.13 101.65c 102.7 4 100.74 101.9 II W 202,255,340,341,349,345
261 G45.12+0.13 103.4 104.38 18.6 102.07 103.12 II W 202,255,340,341,349,345
262 L723 2 Flows 0.2-0.5 1.0-5.0 0.07-0.53 4.7-3 0.01-0.1 0.2-1.6 0.02-0.16 H2WI 14,7,153,241,232,418
0.38 3.4 0.044 0.5 228,244
4.7 29.5 5 0.4 154
0.42 383
263 CB188 5.1 2 0.08 2.6 0.024 0.7 0.066 240,178,179
264 L673 SMM1 0.0052 7.4E−4 3.3 0.057 422,423
265 L673 1.6 3.9 0.013 9 0.012 61
266 AS353 > 0.05 ≥ 0.38 ≥ 0.01 1.4 > 0.003 >7E−3 2 62,7,8,311
267 19213+1723 3.9 24.8 1.9 II W 207,341,346
268 19217+1651 108h 1961 360 7.5 38.8 260 237
269 L778 0.08 0.28 2.1E−2 8 1.1E−3 0.019 1.9E−3 II 22,13,28,375
270 19266+1745 35h 311 28 18.4 1.3 17 237
0.04h 0.3 0.03 1 0.02 0.3 237
271 19282+1814 0.86 7.1 2.5E−7 6 0.3 2.4 0.12 II 419,337,341
272 B335 0.1-0.8 0.3-4.8 0.01-0.24 9.4-6.0 0.009-0.03 0.03-0.8 0.3-7.5E−2 H2 I 14,30,230,234,331
0.44 11 0.019 0.36 228,298,231,232
273 19374+2352 17.1c 122 10.8 10.2 II W 207,341,346
274 1548C27 0.18 ∼ 1.0 1E−2 H 384, 385
275 19410+2336(L) 80c 622 4.8 8 4.9 7.9 WI 203,349,345,424
13.5c 113.6 7.9 3.2 2.03 3.2 203
1423h 31896 7100 5.9 982.9 5400 237
153h 3434 770 3.8 165.3 900 237
276 19410+2336(U) 49c 336 230 8 2.2 3.8 W 203,349
8.2c 56.2 3.8 3.6 0.89 15.5 345
173h 3766 820 6.2 108.3 610 237
18h 405 88 4 18.2 100 237
277 19411+2306 46h 649 90 6.9 10.8 94 237
12h 162 23 6.9 2.7 24 237
278 L810 1.87-28 6.96-146 0.282-8.39 10 0.02-0.6 0.001-0.0209 0.07-1 W 97
CB205 0.64 5.5 0.46 1.5 0.26 3.3 0.33 240,346
279 S87 34 102 9 5.4 1.4 19 1.8 II W 1,7,125,337,341
280 S88 48-480 3-30 7 W 16,1,77,349
S88 B 867 4.68 222 1030 II 239,341,345
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281 19471+2641 250c 1653 108 4.5 2.3 42 II W 203,347
67.5 453.1 6.7 21 1.2 5.1 203,341,347
282 19520+2759 5-13 42-113 8-20 < 10 >0.5-1.4 > 4 W 87,346
283 19529+2704 24.91 290.74 28 5.2 4.4 56 5.6 II 198,341
35.8 417.84 40 6.2 5.3 67 6.7 198
284 19550+3248 1.45 9.4 0.046 1.48 W 119
5.77 3.67 0.35 2.9 239
285 K3-50 II W 16,337,341,349,345
19598+3324
286 CB214 0.42 2.2 0.11 2.7 0.033 0.7 0.066 240,178,179,345
287 CB216 0.49 2.8 0.18 2.3 0.062 1.1 0.11 240,178,179
288 20050+2720 1.7 25.4 7.65 2.2 ∼ 16 ∼ 50 ∼ 20 WI 248,210,232,231,331,346
289 20056+3350 2.3 20.6 2.8 ∼ 20 ∼ 50 W 207,346
290 CB217 0.14 0.4 0.018 2.6 0.007 0.2 0.022 240,178,179
291 20062+3350 W 207,346
292 20106+3545 1.9 6.7 0.3 207
293 20126+4104 67h 2100 670 2.1 260 1.00E+03 II 2W 116,299,255,363
3.8c 230 220 0.094 300 2.10E+03 250,346
53 403 51 207
294 20188+3928 W 63,123,346
0.3 2.2 0.2 4.54 1.1 26.6 II 239,339
295 G75N 19h 260 40 5.3 6.2 40 36 W 225,349
296 G75C 58h 1060 200 3.7 45 28 160 II W 225,341,349,345 77
297 G75E 20.7h 350 63 4.7 11 74 43 II W 194,225,303,341,349,345
298 G75.78NE 72 970 130 3 36 320 2 II 194,255
299 20216+4107 6h 43 3 3.5 0.8 13 W 237,141,347
300 V1515Cyg 118,137
301 20227+4154g W 123,346
302 20228+4215g II 123,339
303 20231+3440 SMM1 2.1c 18.7 1.8 5.6 0.34 372
304 20231+3440 SMM2 0.15c 1.08 0.08 4 0.016 372
305 20272+4021g 123
306 AFGL2591 33.4 269 23 6.8 IIH2W 152,349,345,348
20275+4001 1,64,123,298,255
307 20281+4006g 123
308 20286+4105 16.7 45.6 1.6 II 207,339,346
309 20293+3952#1 9h 270 78 1.1 59.2 250 W 237,314
4h 114 33 1.3 20.6 87 237
310 20293+3952#2 1.1h 21 6 0.5 9.1 42 237
0.4h 8 2 0.6 3.2 15 237
311 20343+4129#1 2h 9 0.4 3.8 0.1 2 237
312 20343+4129#2 0.4h 1 0.07 4.2 0.01 0.4 237
313 20353+6742 0.047± 0.010 H 190
L1152
314 W75-N 130h 955 100 2.3 0.99 II 2W 88,48,302
548 1.93 46.4 352 239,349
48 ∼ 700 110 ≥ 4.4 22 255,247,345
315 DR21 170h 1203 140 2 9.6 II 2WI 88,65,297,337,424
3.30E+03 2.40E+04 2.30E+03 148,255,1,349,345,362
316 L1036 86
317 L1157 0.18h 1.1 0.076 2.4 0.03 H2WI 122,86,291,331,231
214,232,347,399
318 PVcep 1.7h 0.03 8.5 H W 7,345
0.8-2.6 5-15 0.04-0.2 66
319 20520+6003 0.25± 0.029 190
L1082A
320 20526+5958 0.028± 0.003 190
L1082B
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321 V1057Cyg 0.09 6 2.4E−3 W 8,12
322 20582+7724 0.06 2 0.04 IIH2 71,301,400,401
323 V1331Cyg 0.6 7 2.0E−2 H 8
324 L988-a 1.3 5 0.1 W 98,346
325 21015+6757 1.3 6.4 0.28 24 0.009 0.27 8.9E−3 397,398
326 L1172D 0.88 2.3 0.14 17 3.6E−3 0.066 6.6E−3 I 22,13,28,334
327 L988-e 1.4 4.5 0.2 98
328 L988-f 3.5 3.3 0.4 > 0.024 98
329 B361b > 0.025 > 0.055 > 0.0013 2.4 > 4.3E−4 > 2.4E−2 > 2.3E−3 W 31,28,347
330 L944 SMM1 0.059 6.40E-03 3.3 5.7 422,423
331 CB230 0.46 1.7 0.07 2.6 2.2−2 0.7 6.6E−2 240,178,179
332 IC1396-W 86
333 21307+5049 19.3 92.1 7.2 II W 207,341,346
334 21334+5039 II 2W 113,339,346
335 CB232 0.44 2.2 0.11 3.4 2.6E−2 0.7 6.6E−2 178,179,240
336 V645Cyg 56.1h 50 0.14 IIH W 8,70,345
1,7,349
337 GN21.38.9 0.07 30 7.3E−5 1E−3 IIH W 150,254,326,346
338 IC1396-N BIMA1 1.2 0.2 0.04 0.7 373
339 IC1396-Nn 0.3h 1.2 0.05 3 0.02 H2W 89,254,300,328
0.75h 16 3.5 1.4 1.2-2.0 7-11 116,346
340 IC1396-N BIMA2 13.6 3.6 1.2 13.6 W 373,393,414
341 1413+5442 or G98.04 40 240 15 9.1 1.4 27 II W 194,255,350,346
342 NGC7129 FIRu 13.9 49 2 10 10−0.8 5 0.3 H2W 7,18,78,266,345
343 NGC7129 FIRS2-MM1 > 0.3 H2W 317,266,345,374
344 NGC7129 FIRS2-IR > 0.5 H2W 317,266,345,374
345 NGC7129 FIRS1-IRS6 > 0.8 H2W 317,266,345
346 NGC7129 FIRS1-MM1 317,345
347 LKHα234 23.5 84 3 10 10−0.6 7.9 0.4 H2W 18,78,266,304
1 20 7,345
348 21428+4732 0.09 0.33 0.014 4.6 258
349 21429+4726 0.1 H 162
0.57 2.58 0.12 6.9 258
350 21432+4719 2.04 H W 162,345
0.04 0.18 0.01 22 258
351 21441+4722 0.206 162
0.21 1.03 0.05 11 258
352 IC1396-E 86,254
353 EL1-12 0.93 3 0.25 52,28,22,7
L1031B 1.2 153
IC5416 137
2.56 15.9 1.15 4.1 258
354 21461+4722 0.05 162
0.15 0.36 0.01 5.7 258
355 BBD+46◦3471 1.4h 7 0.04 8
356 21519+5613 65.6 387.9 28.6 W 207
357 22051+5848 168,91
L1165
358 22103+5828 3.3 18.4 1.08 3.5 0.2 185
359 22134+5834 17h 242 34 3.5 7.9 69 II 2W 237,306,321,374
19 124 15 180,345
360 22142+5206 33 219 15.7 23 W 187,345
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361 22172+5549 9 37.1 2.1 II W 207,345,374
362 S140 64 90 600 IIH2W 1,7,332,255,337
24.4 173 15 1.5 7.8 120 11,349,332
6 24 1.2 82,345
25.24 162.2 12.42 1.0-5.2 79,151,152
24.4 2.6 8.4 53 228
24.4 488 98 11 8.4 94 255
363 S140-N H2 33,36,264,332
22175+6317
364 L1204-A 0.5 3.2 0.2 W 207,346
22198+6336 86
365 L1204-B H W 86,332
22199+6322 346
366 L1221 1.3 2.0-9.6 0.033- 5 0.0056- IIH W 86,149,374
22266+6845 0.71 0.12 184,418
0.34 383
367 L1203 W 86
22267+6244 347
368 L1206 0.2h 0.9 0.04 2 0.01 H 89,328
369 22305+5803 15.6 79.4 4.9 W 207,345
370 22336+6855 2.5 176
371 22343+7501 1.95 11.7 0.69 13.6 0.042 H W 68,171,347
372 22376+7455 0.116 1.14 0.111 2.3 0.039 H WI 68,171,231,235,334
L1251 235,347
373 L1211 W 86
22453+6146 347
374 22475+5939 59.9 633.4 51 29 1.4 22 2.2 W 199,349,345
S146 51 538 43 5.4 6.4 99 0.5 II 191,203,341
375 22506+5944 55 670 69 2.3 24 290 5.8 W 191
10860+0049 345
376 Cep A 10 62 25 120 IIH2WI 1,7,60,246,255,337,341
8.8 85.7 10.02 0.2 2.8 152,305,424
> 10 > 0.8 55,345
5 10 0.2 8
5 100 20 6 116,349
377 22570+5912 73h 911 110 12.1 7.8 75 W 237,346
378 23011+6126 0.21 1.74 < 4 H W 86,204,389
Cep E 345
379 23032+5937 34.2h 172.4 9.74 10 W 99,345
380 23033+5951 32h 566 100 5 16.9 110 2W 237,306,345
381 Cep C W 86,345
23037+6213
382 MBM 55 4.1 8.2 0.162 22 0.0059 3.6 100
383 NGC7538f 45 275 20 760 1 II 2W 1,44,95,308,341,349,345
384 NGC7538 16 251 40 2.4 15.7 1.10E+02 10 II 2WI 76,302,349,424
IRS11 345
385 NGC7538 16 302 60 2.4 23.5 1.40E+02 10 II 2W 76,308,349
IRS1 345
386 NGC7538 Ad 11 251 50 3 13.1 7.90E+01 8 W 76,349,345
387 NGC7538 34 503 100 4.1 26.1 1.60E+02 20 W 76,349,348
IRS9 49.5 410 40 1.6 40 320 312,345
388 23139+5939 15.5h 82.5 4.84 7 II W 99,345
G111.25 16 110 8.4 3.7 1.8 31 194,255
57h 662 77 5.4 11.7 120 237
389 23140+6121 3.5 34.5 2.7 W 207,347
390 23151+5912 21h 597 180 2 72.7 290 W 237,350
8.9h 47.3 3 4.4 99,345
391 MWC1080 100h 550 35.8 0.96 16 26 IIH I 2,7,375
151
392 L1246 SMM1 0.019 5.9E−4 4.6 0.72 422,423
393 CB244 0.07h-0.1h 0.001-0.1 0.9 3 I 84,93,179,334
L1262 0.4 2 0.1 2.7 0.031 0.7 0.066 240,231
394 23314+6033 5 17.7 0.7 II W 207,341,345
395 23385+6053 23 226 17 4 3.5 56 1.1 II W 191,359,341
45.7 188.1 8.7 207,345
396 23545+6508 3.5 31.7 2.4 12 0.15 2.5 0.25 II W 199,339,347,374
397 CB247b 178,179,240
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Abstract. A statistical study of the properties of molecular outflows is performed based on an up-to-date sample.
391 outflows were identified in published articles or preprints before February 28, 2003. The parameters of position,
morphology, mass, energy, outflow dynamics and central source luminosity are presented for each outflow source.
Outflow lobe polarity is known for all the sources, and 84% are found to be bipolar. The sources are divided into
low mass and high mass groups according to either the available bolometric luminosity of the central source or
the outflow mass. The pace of discovery of outflows over the past seven years has increased much more rapidly
than in previous periods. Surveys for outflows are still continuing. The number of high-mass outflows detected
(139) has considerably increased, showing that they are commonly associated with massive as well as low mass
stars. Energetic mass ejection may be a common aspect of the formation of high mass as well as low mass stars.
Outflow masses are correlated strongly with bolometric luminosity of the center sources, which was obtained for
the first time. There are also correlations between the central source luminosity and the parameters of mechanical
luminosity and the thrust or force necessary to drive the outflow. The results show that flow mass, momentum
and energy depend on the nature of the central source. Despite their similarity, there are differences between the
high mass and low mass outflows. Low mass outflows are more collimated than high mass outflows. On average,
the mass of high mass sources can be more than two orders of magnitude larger than those of low mass outflows.
The relation between flow mass and dynamical time appears to differ for the two types of outflows. Low mass
sources make up 90% of outflows associated with HH objects while high mass outflows make up 61% of the sources
associated with H2O masers. Sources with characteristics of collapse or infall comprise 12% of the entire outflow
sample. The spatial distribution of the outflow sources in the Galaxy is presented and the local occurrence rate
is compared with the stellar birth rate.
Key words. star: formation – stars: winds – ISM: jets and outflows – ISM: kinematics and dynamics
1. Introduction
As one of the most exciting discoveries in astronomy
in the past three decades, high velocity molecular out-
flows continue to attract great attention from researchers.
Since their first discovery in 1976 (Zuckerman et al. 1976;
Kwan & Scoville 1976; Zuckerman & Palmer 1975), out-
flows have been detected at a high rate. 67 had been dis-
Send offprint requests to: Yuefang Wu, e-mail:
yfwu@bac.pku.edu.cn
⋆ Table 1 is only available in electronic at the CDS via
anonymous ftp to cdsarc.u-strasbg.fr (130.79.125.5) or via
http://cdsweb.u-strasbg.fr/Abstract.html
covered by 1984 (Lada 1985), 144 by 1989 (Fukui 1989),
and 264 by 1996 (Wu et al. 1996).
Outflows were thought to be the earliest observable
signatures of star formation. Although evidence of mass
loss for young stars had been detected previously in the
optical spectrum (Herbig 1960; Kuhi 1964), a better un-
derstanding of such mass loss in early evolutionary phases
was only acquired after the discovery of molecular out-
flows in the material surrounding the embedded young
stellar objects (YSOs). Molecular outflows show various
characteristics such as radio and optical jets, atomic hy-
drogen stellar wind, molecular hydrogen jets and interstel-
lar masers. The stars eject mass in energetic flows dur-
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ing formation (Lada 1985; Lizano et al. 1988; Natta et al.
1988; Lane 1989; Felli et al. 1992; Russell et al. 1992;
Matzner & Mckee 1999; Bally et al. 2001; Reipurth et al.
2002). In the 1990s, progress was made in observing
and understanding the collapse of protostars (Zhou 1992;
Evans 1999; Myers et al. 1996). According to theoretical
models, collapses should occur before outflow (Shu et al.
1987). However, nearly all the candidates of collapsing
protostars are found in outflow sources.
When advancement of observational techniques al-
lowed the detection of high velocity molecular outflows by
high J transitions, extremely high-velocity molecular out-
flows or highly collimated jet-like outflows were studied
extensively (Koo 1989; Bachiller et al. 1991; Choi et al.
1993; Narayanan & Walker 1996).
More recently, considerable progress in outflow detec-
tion has been made in distant and complex high-mass
star formation regions (Beuther et al. 2002c; Zhang et al.
2001; Shepherd & Churchwell 1996b; Wu et al. 1999). In
the surveys of high-mass star formation regions conducted
by Beuther et al. (2002c) and Zhang et al. (2001), the out-
flow detection rates reached 80% and 90%, respectively.
Recent studies show that the sources in these surveys are
either precursors of ultracompact (UC) HII regions, or
are at very early evolutionary stages (Molinari et al. 2002;
Beuther et al. 2002b).
The outflow parameters and their correlations have
been investigated (Rodr´ıguez et al. 1982; Bally & Lada
1983; Cabrit & Bertout 1992; Shepherd & Churchwell
1996a; Ridge & Moore 2001). Mechanisms of outflow col-
limation and the forces driving the outflows have been
proposed as well. However, the correlation between mor-
phology, physical parameters and the central source con-
ditions are still not well understood. For example, it is not
clear if the collimation is correlated with the driving force.
The correlation among bolometric luminosity of the center
source, the required force and mechanical luminosity was
investigated by Bally & Lada (1983) and Rodr´ıguez et al.
(1982). As the correlation was discovered to be weak, a
larger sample is required.
To further understand the mechanisms of high velocity
outflows, we conducted an analysis based on an up-to-date
sample. Our calculations and conclusions are presented in
this paper.
The used data in this paper are heterogeneous. The
outflows were detected at different stages of the young
stellar objects: high mass sources from pre-UCHII region
to UCHII region and low mass sources from Class 0 to FU
Orionis. The observational sensitivity and the calculation
method also varied from source to source. However, we
believe that our sample is sufficiently large to provide the
overall physical characteristics of outflows. Sect. 2 presents
the sample, the catalogue and a brief analysis. The mor-
phology analysis in Sect. 3. Sect. 4 discusses the physical
parameters. The associated objects or phenomena of out-
flows are discussed in Sect. 5. Sect.6 describes the spatial
distribution of outflows. We give a summary in Sect. 7.
2. The catalogue
2.1. The sample
We compiled outflow sources mapped mainly in emission
lines of low transitions (J = 1 − 0 and J = 2 − 1)
of CO showing evidence of large scale red and blue
lobes. The catalogue of 1996 (Wu et al. 1996) included
28 sources without CO maps (with superscript a in the
source name). We exclude those sources that have not
been mapped so far. If an outflow was detected with CO
J = 3 − 2 or higher transition lines, it is noted in the
table accordingly. Some authors detected molecular out-
flows with other molecular species, such as SiO, CS, HCO+
(e.g. Megeath & Tieftrunk 1999; Wolf-Chase et al. 1998;
Garay et al. 1998; Hofner et al. 2001). These species are
not included in this catalogue.
The sources presented in this new catalogue were iden-
tified as high velocity molecular outflows in published find-
ings or in preprints published before February 28, 2003.
There are 397 sources; 391 show single outflows, 6 were
observed as single outflows but were shown later to be
of multiple sources. These six were presented in the cata-
logue, but are not included in our analysis.
2.2. The tables
Table 1a and 1b list the high velocity molecular outflows
and their parameters. Some of the outflows have been in-
vestigated by multiple authors, and have been mapped
more than once. For these sources several entries are listed.
Each entry corresponds to the references listed in the last
column of Table 1b. There are 24 columns for each entry.
Column 1-13 are in Table 1a, and the remaining columns
are in Table 1b. The sources are presented in order of right
ascension.
Table 1a contains the basic parameters of the outflows:
– Column 1 (No.) is the sequence number of the outflow.
– Column 2 (Name) the source name and the alternative
name if any.
– Column 3 (α) and 4 (δ) are the right ascension and
declination (1950.0).
– Column 5 (l) and 6 (b) are the galactic longitude and
latitude.
– Column 7 (D) and 8 (Z) are the distance from the sun
and altitude from the Galactic plane.
– Column 9 (∆V ) lists the full line-width at 0.1-
0.2K above the baseline. For extremely high velocity
sources, an additional line-width measured at tens of
milli-kelvins is provided.
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– Column 10 (Po.) shows the polarity of the outflow.
Here, ‘Bi’ represents bipolar outflow; ‘MB’ and ‘MR’
indicate blue and red monopolar outflows, ‘Multi’
means multiple outflows and ‘Iso’ isotropic outflows.
– Column 11 (Rmax) and 12 (Rcoll) present the size and
the collimation factor, respectively. To calculate the
collimation factor, we first consider an outflow as an
ellipsoid. Then we measure the area and maximum an-
gular extent (the major radius ) of the outflow, and cal-
culate the minor radius. The ratio of the major and mi-
nor radii is the collimation factor (Bally & Lada 1983).
The value underlined in column 12 is quoted from ref-
erences where the same method was employed.
– Column 13 (Lbol) shows the bolometric luminosity of
the center source which is the deriving source or its
candidate, indentified by infrared photometry or by
IRAS data.
The physical parameters are listed in Table 1b (column
14-24), mainly derived from lower level CO lines (CO J =
1−0, 2−1). If the parameters were calculated with CO J =
3−2 or higher levels, we note them with ‘c’. For extremely
high velocity outflows we only list the total velocity range.
– Columns 14 and 15 contain source numbers and their
names corresponding to Table 1a column 1 and 2.
– Column 16 (M) is the outflow mass calculated by inte-
grating CO emission from the entire area of the wings
(Goldsmith et al. 1984; Snell et al. 1984; Lada 1985).
The mass obtained under optically thick conditions are
noted ‘h’. The rest are calculated in the optically thin
regime.
– The momentum (P ), kinetic energy (E) and dynamic
time (t) of the outflows are listed in column 17, 18 and
19, respectively (Lada 1985).
– The mechanical luminosity (Lm) of the outflow
and force (F ) derived from outflow physical pa-
rameters (Bally & Lada 1983; Goldsmith et al. 1984;
Snell et al. 1984) are shown in column 20 and 21, re-
spectively.
– Column 22 (M˙) indicates the mass loss rate of the
center stellar source, which was calculated with the
outflow parameters and terminal velocity of the stel-
lar wind (Bally & Lada 1983; Goldsmith et al. 1984;
Snell et al. 1984; Levreault 1988) and the correspond-
ing reference of the outflow.
– Column 23 (IIH2WI) presents the phenomena associ-
ated with the outflows. ‘II’ stands for UCHII regions,
‘H’ for optical jet or HH objects, ‘2’ for H2 jet, ‘W’ for
water maser, and ‘I’ for infall or collapse candidates.
– Column 24 (Ref.) presents the references.
2.3. Classification
The bolometric luminosity of the center source of the cat-
alogued outflows ranges from one tenth to more than 106
times solar luminosity (L⊙). We adopt Lbol = 10
3 L⊙
as a criterion to distinguish between high-mass sources
and low-mass sources. Young high-mass stellar sources
are brighter than 103 L⊙ at minimum. On the H-R di-
agram, Lbol of low-mass and intermediate mass sources
is mostly below 103 L⊙ (Levreault 1985, and references
therein). The criterion of 103 L⊙ was similarly employed
in the comparative study of different mass molecular out-
flows or cores (Shepherd & Churchwell 1996a; Fukui 1989;
Wu et al. 2001).
Many sources have more than one set of parameters
derived from different observations, therefore we classify
them according to the following considerations. First we
only classified sources whose multiple measurements of
masses have consistent Lbol values either larger or smaller
than 1000 L⊙. In the classified sources, 292 sources have
available Lbol measurements, of which 120 (41 %) have
Lbol > 10
3 L⊙, and 172 (59 %) have Lbol ≤ 10
3 L⊙.
The rest of the sources have no available Lbol, but some
have available outflow gas masses. Of the 113 sources with
Lbol > 10
3 L⊙ and with available masses, 94 (82%) have
M > 3 M⊙; for 138 sources with Lbol ≤ 10
3 L⊙ and with
available masses, 111 (80%) have M ≤ 3 M⊙. Sources
whose masses observed by different authors have values
both larger or smaller than 3 M⊙ were not taken into ac-
count in the above calculation. Thus, the two percentages
cited above are lower limits. Further statistics show that
the outflow mass is correlated with Lbol (see Sect. 4.1).
For sources without Lbol but with mass available, we use
3 M⊙ as a criterion to classify them. Among these sources
there are 19 with M > 3 M⊙ and 51 with M ≤ 3 M⊙.
We refer to the 139 sources with Lbol > 10
3 L⊙ (120)
or M > 3 M⊙ (19) as the high mass group and the 223
sources with Lbol ≤ 10
3 L⊙ (172) or M ≤ 3 M⊙ (51) as
the low mass group in the following text. Currently we
have not found the mass or bolometric luminosity for 29
sources. These sources need further examination.
2.4. Development of outflow detections
New outflows have been detected and surveyed at an ac-
celerated rate in the past two decades. There are now 397
identified sources (including 6 unresolved outflows). The
number of sources is seven times greater than that cat-
alogued in 1985 (which had at most 55 mapped) (Lada
1985), 244 more than that of 1989 (Fukui 1989), and 159
more than that of 1996 (Wu et al. 1996).
Fig. 1a is the diagram of the number of outflows
mapped in four periods, which is defined with the available
catalogues of outflows. Period I is from 1976 to 1984 with
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55 detected outflows (Lada 1985); Period II is from 1985
to 1989, with 95 outflows (Fukui 1989); Period III is from
1990 to 1995, with 88 outflows (Wu et al. 1996); Period IV
is from 1996 to 2003 with 159 outflows (this work). The
number of detected outflows has increased, especially in
period IV (see Fig. 1a). Fig. 1b is the average number of
mapped outflows in these four periods. The average num-
ber of outflows per year are 6.9, 19, 14.6 and 22.7 for the
four periods respectively. The trend of increasing number
of detected outflows is evident, showing the development
of outflow detection in recent years.
In period II mainly low mass outflows were added
(Fukui 1989), while in period IV the number of high mass
sources increased rapidly. Among the sources detected up
to 1995, high mass sources occupy only 31% (65 of 210 out-
flow sources in the high mass group with the same classifi-
cation). Now there are 139 in the high mass group among
362 sources with available Lbol or M . The ratio is 38%.
The results show that high velocity molecular outflows are
common in high mass star formation regions considering
the fewer samples of high mass stars. It may suggest that
high mass stars still form through an accretion-outflow
dynamic process, like the formation process of low mass
stars.
Is the percentage of high mass here beyond that ex-
pected from the IMF? Here 38% is the ratio of sources
in the ‘high mass group’ to the total number of sources
in both the high and low mass groups. Part of the
‘high mass group’ are actually intermediate mass sources.
Considering the sources with Lbol > 10
4L⊙, the percent-
age drops to 23% (83/362). The percentage of sources
associated with UCHII regions (23% (90/391))is also
lower than 38%. This percentage still exceeds what is
expected from the IMF. But observed IMFs are de-
rived from counting main-sequence stars in solar neigh-
borhood (Kroupa et al. 1990; Salpeter 1955), According
to Fig. 9, massive outflows are easier to detect at increas-
ing distance. Outside the 2 kpc circle, most outflows be-
long to the high mass group, while within 1 kpc, there are
only 10% (16/167) high mass outflows.
A notable trend in outflow research is that interferom-
eters are being applied to measure the outflow regions.
Massive outflows have been observed with higher spa-
tial resolution and sensitivity in regions such as IRAS
05358+3543, G196.16 and NGC 7129 (Beuther et al.
2002a; Shepherd et al. 1998; Fuente et al. 2001).
3. Morphology and collimation
The polarity was known for all the outflows. 327 (84%)
sources show bipolar structure; 50 (13%) sources are
mono-polar, of which 28 are red polar. There are 12 (3%)
multi-polar sources; if a source was detected as bipolar
first but was later found to have multiple polarities we
count it as multi-polar. Two sources are still isotropic (No.
231 M8E and No. 391 MWC 1080). Compared with the
sources cataloged before (Wu et al. 1996; Lada 1985), the
number of multi-polar sources has increased (there is only
one in the previous periods) and the number of isotropic
sources decreased (4 in Period I, 3 in Period III), which
can be attributed to the enhanced spatial resolution of the
detection equipment.
The collimation factor is used to investigate the
morphology of outflows. Different methods were em-
ployed to analyze collimation properties of outflows
(Cabrit & Bertout 1992; Levreault 1985). In this pa-
per the collimation factor was obtained according
to Bally & Lada (1983) . Here we analyze the relationship
between the collimation factor, the bolometric luminosity
of the central source and the angle sizes.
As shown in Table 1a, there are 213 sources with avail-
able collimation factors. The average value of the col-
limation factor for all the sources is 2.45, with a stan-
dard deviation of 1.74, which is almost the same as that
catalogued in period I and III (Lada 1985; Wu & Huang
1998). The average collimation values for high mass and
low mass group members are 2.05 and 2.81, with a stan-
dard deviation 0.96 and 2.16 respectively. The above val-
ues are similar to those in period III, 1.99 and 2.54
for these two groups according to the same statistical
method (Wu & Huang 1998). These results show that the
low mass outflows are better collimated than the high
mass ones. Although the overall instrumental angular res-
olution in period IV has increased,
the observed collimation has not improved much as
a whole. This is likely due to the increased number of
massive outflows.
Figure 2 is the plot of Rcoll vs. Lbol. Solid trian-
gles indicate low mass sources and squares indicate high
mass ones. The solid line is a linear fit of the plots:
log(Rcoll) = (0.44 ± 0.03) + (−0.04 ± 0.01) log(Lbol); the
correlation coefficient is poor, R = −0.29. There is a slight
difference between high mass and low mass outflow colli-
mations. To analyze the effect of angle size on the colli-
mation factor, we plot Rcoll vs. the angular size in Fig. 3.
It shows that there is no obvious correlation between col-
limation factor and angular size. To further investigate
the relation between Rcoll and Lbol, an analysis was made
of all sources whose angle size is five times larger than
the beam size. Figure 4 plots the Rcoll vs. the Lbol for
these sources. The solid line is the linear least-square fit:
log(Rcoll) = (0.46 ± 0.04) + (−0.03 ± 0.01) log(Lbol); the
correlation coefficiency is also poor, r = −0.28. The av-
erage values of Rcoll for the sources with large angle sizes
are 2.16 with a standard deviation 0.91 for high mass
sources and 3.00 with a standard deviation 2.02 for low
mass sources. Both are better than those before the effect
of beam size was removed (2.05± 0.96 and 2.81± 2.16 for
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the two group sources). It shows again that the collima-
tion degree tends to be lower with increasing bolometric
luminosity of the centre source. However, the weak cor-
relation between Rcoll and Lbol remains for sources with
large angle sizes, as Fig. 2 shows. This may be related to
the driving processes of the outflows. Outflows driven by
wide-angle wind may be less collimated than those driven
by jets. Now it is believed that low mass outflows are
driven by bow shocks (Lee et al. 2000; Chernin & Masson
1995; Raga & Cabrit 1993; de Young 1986) while wide-
angle wind may drive massive outflows (Molinari et al.
2002). Low angular resolution also made it difficult to
see the fine structure of multi-flows. For example, IRAS
05358+3543, detected as one outflow, was separated into
at least three outflows by the Plateau de Bure interfer-
ometer (Beuther et al. 2002a,c), including one highly col-
limated outflow. However, this is not to say that instru-
ments determine the values of collimation. Of the sources
depicted in Fig. 3, some small angle size outflows still have
good collimation.
The correlation between Rcoll and Lbol is not as ob-
vious as that between outflow mass and bolometric lumi-
nosity (see next section). Both Fig. 2 and 4 show that for
collimation there is no definite dependance on the bolo-
metric luminosity of the driving sources. Besides the sen-
sitivity and resolutions of the observation equipment, sev-
eral effects may affect the measurement of collimation de-
gree of the outflows. For example, changing the projection
along the line of sight can change the value of the ap-
parent collimation factor for the same bipolar outflow to
be smaller or larger than the intrinsic degree of collima-
tion (Wu & Huang 1998). Several factors may influence
the intrinsic degree of collimation. Physical conditions of
the environment will affect flow morphology. Recently a
numerical simulation showed that environmental structure
may determine the collimation degree of observed outflows
of massive YSOs (Bonnell & Bate 2002). Evidence was
also found for the existence of an aligned magnetic field
in the outflow regions (Greaves et al. 2001; Houde et al.
2001). Lastly, collimation may also be related to the evo-
lution stage of the central object, and to the acceleration
or deceleration phase of the flow itself (Cabrit & Bertout
1986, 1990; Shu et al. 1987). The outflows in Class 0 ob-
jects with a cold black body spectral energy distribution
(SED) are more collimated than those in Class I objects
whose SED is wider than that of a black body and whose
positive indices show a more evolved status (Bachiller
1996; Bontemps et al. 1996; Gueth & Guilloteau 1999).
4. Physical parameters
Although the physical parameters of outflows have wide
ranges, we believe that statistics derived from a large sam-
ple should still reveal general characters and correlations
of the parameters of the outflows and indicate their driving
mechanisms. Rmax ranges from 0.01 to 3.98 pc; mass from
10−3 to 103M⊙; momentum from 10
−3 to 104M⊙km/s;
energy: 1038 to 1048 ergs; dynamic times t from 4× 102 to
6×105 yr; mechanical luminosity Lm from 10
−5 to 103 L⊙;
force F from 10−7 to 102M⊙ km/s yr; mass loss rate M˙
from 10−9 to 10−3M⊙/yr. (Notice that the limits of differ-
ent parameters may not come from the same source.) The
property value ranges are wider than those of the sources
measured in a single survey (Bally & Lada 1983; Levreault
1985; Fukui 1989; Ridge & Moore 2001; Zhang et al. 2001;
Beuther et al. 2002c); these results from the fact that mul-
tiple surveys for different mass objects are included in our
sample. Our sample also includes the most massive and
the smallest outflows (see Sect. 4.2). However sources with
parameters near the limit are rare.
We estimate the maximum possible errors that differ-
ent considerations in deriving physical parameters may
bring. The outflow emission at line wings is often ac-
cepted as being optically thin. Nevertheless, some au-
thors deal with it using a derived or assumed opti-
cal depth, which may bring a factor of about 5 to
the final value of outflow mass, momentum, kinetic
energy and so on (Snell et al. 1984; Goldsmith et al.
1984; Shepherd & Churchwell 1996a; Garden et al. 1991;
Yu et al. 1999). Different authors used different [CO]/[H2]
abundance ratios. Usually this will affect the derived
masses by a factor of less than 2 (Ridge & Moore
2001). Occasionally it could be larger, from 2.5 ×
10−5 (Rodr´ıguez et al. 1982) to 10−4 (Garden et al. 1991).
We accept a factor of 4 as the abundance error. Some
authors use 1.36 as the mean atomic weight of the
mixture of hydrogen and helium (see Garden et al.
(1991)), while others only consider pure hydrogen molec-
ular gas (see Snell et al. (1984)). Therefore an uncertainty
of 0.36 is introduced. Projection effects affect momen-
tum P and energy Ek by factors of 2 and 3 respec-
tively (Goldsmith et al. 1984). Our experience shows that
different velocity ranges (∆V ) of the determined outflow
emission add 20% uncertainty to the results. The excita-
tion temperature, Tex, is determined by the relative line in-
tensities of at least two different transitions (Garden et al.
1991). It is usually assumed or defined as the bright-
ness temperature of the CO line peak. Tex ranging from
10 to 15 K for low mass sources (Goldsmith et al. 1984;
Snell et al. 1980), and from 30 to 50 K for high mass
sources (Shepherd & Churchwell 1996a,b; Beuther et al.
2002c; Wu et al. 2004), causes a maximum uncertainty of
about 60%. To investigate how different telescope beam
sizes affect the outflow physical parameters, we pick out
the sources whose angular diameters are larger than 5
beam sizes of the telescope used. 113 of these sources have
available Lbol and M . the linear fit of logLbol and logM
is: logM = (0.92± 0.14)+ (0.51± 0.04) logLbol, r = 0.73.
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Comparing the Lbol −M relation here to that of all the
235 sources with available Lbol andM , which we present in
Sect. 4.1, we find that: The slope of > 5 beam sizes sample
(0.51) is a little smaller than that of all (0.56), mainly be-
cause the majority of outflows more massive than 102M⊙
disappeared in the > 5 beam sizes sample due to their
greater distances. The correlation coefficients of the > 5
beam sizes sample (0.73) is also a little worse (r = 0.78
for all), because the > 5 beam sizes sample is less than
half of the whole set. However, the above two deviations
are not significant. Thus we are able to conclude that the
telescope beam size affects little the outflow physical pa-
rameters. We also examine the differences which different
CO J transition may cause. The mass derived from CO
J = 1−0 and 2−1 are expected to be within a factor of 2 to
3 of the actual values (Margulis & Lada 1985), while this
difference mainly comes from the optical depth difference
which is already accented in our uncertainties. As a result,
the outflow mass, M , has an uncertainty factor of 6.4; the
outflow force, F , 6.7; the outflow luminosity, Lm, 7.1. The
bolometric luminosity, Lbol, listed in column 13, primar-
ily derived from far-infrared observations such as IRAS,
should be fairly accurate (Lada 1985). Even if there were
more than one YSO within the IRAS beam, the emission
of the most massive YSO will be the main contribution
to the total FIR flux according to the mass-luminosity re-
lation (Casoli et al. 1986). Cabrit & Bertout (1992) listed
Lbol of 16 outflow sources. We compared these Lbol values
to those listed in our Table 1a, and found that the uncer-
tainty is within 2∼3 except for Orion-A ((1∼10)×104 and
2.1×105)and S140 ((0.5∼9.0)×104 and 5×103). For most
cases, the variation of luminosities provided by different
authors in our sample is about 2 to 3, except for a few
high mass sources. The errors estimated above are much
less than the scatter of the data themselves.
4.1. Relation between the outflow mass and the
bolometric luminosity of the center sources
A plot of outflow mass relative to the bolometric lumi-
nosity of driving sources shows that the two parameters
are physically related. The mass of the outflow is a fun-
damental parameter. Its relationship to the luminosity of
the central source is essential to investigate the nature of
the outflows.
Figure 5 plots the mass of outflowsM vs. the bolomet-
ric luminosities of center sources Lbol. It shows that the
flow mass increases with the luminosity as a power law.
The outflows with higher luminosity values tend to have
larger flow masses and vice versa. The least square linear
fit in log-log space shown in the figure is logM = (−1.04±
0.08)+(0.56±0.02) logLbol with the correlation coefficient
r = 0.78. The strong correlation between outflow mass
and luminosity is an interesting result which is the first de-
mostration of such a clear correlation. It presents essential
clues to the origin and properties of outflows. The correla-
tion suggests that the outflow mass is linearly correlated
with the bolometric luminosity of the center source. The
outflow however could not be driven directly by radiation
pressure if the photons emitted from the center objects are
scattered once before they escape (Bally & Lada 1983, see
also Sect. 4.2). This is a classic example in which two pa-
rameters are correlated because individually each one is
correlated to a third underlying parameter. In our case,
it could be that the bolometric luminosity is correlated
to the accretion rate (Kenyon et al. 1990; Ohashi et al.
1991; Mundy et al. 1992; Greene et al. 1994), which in
turn is correlated to the mass loss rate in the outflow,
(Tomisaka 1998; Shu et al. 1994; Contopoulos & Sauty
2001; Ferna´ndez & Comero´n 2001) and the mass loss rate
in the outflow sources is what determines the mass swept
up in the outflow lobes (Snell et al. 1980; Ho et al. 1982;
Bally & Lada 1983; Goldsmith et al. 1984). So although
the radiation energy that the source provided is not able
to drive such an outflow mass, they are still correlated.
4.2. Relation between the outflow mechanical
luminosity, required force and the bolometric
luminosity of the center sources
To investigate the relationship between outflows and their
central sources, we further plot the mechanical luminos-
ity (Lm) of outflows vs. bolometric luminosity (Lbol) of
the center stellar objects, shown in Fig. 6. The dashed
line shows the equation Lm = Lbol. The plot shows that
for all sources, Lm is less than Lbol. The closest point
to the dashed line is outflow No. 21, the source L1448
U-star. Bachiller & Cernicharo (1990) pointed out that it
was near the upper edge of the populated zone in the
mechanical power versus stellar luminosity diagram by
Lada (1985). Now that the size of the sample is much
larger, the closest point is still located at the upper edge.
The lowest point represents outflow No. 337, the source
GN21.38.9. This is the lowest-mass Bok globule according
to Duvert et al. (1990).
In Fig. 6, the solid line is a linear least-square fit:
logLm = (−1.98±0.14)+(0.62±0.04) logLbol. The corre-
lation coefficient is 0.69. One can see that the two lines are
not parallel. The average deviation between the two lines
is larger for the high mass group than the low mass ones.
The average values of the ration Lm/Lbol are 0.033±0.086
and 0.0038± 0.017 for the low mass and high mass group
sources, respectively.
Figure 7 is the plot of the force required to drive the
outflow against the bolometric luminosity of the central
source. The dashed line shows F = Lbol/c. All the out-
flows are above the line, which means that the radiation
pressure of the central sources would not be enough to
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drive the outflows if the radiation photons from the cen-
tral source were scattered once. The two plotted param-
eters are still correlated. The solid line presents the least
square fit for the force of the flow as a function of the
bolometric luminosity: logF = (−0.92± 0.15) + (0.648±
0.043) logLbol. The correlation coefficient is 0.72.
Bally & Lada (1983) mapped a sample of sources us-
ing a single telescope; they discovered a weak correlation
between the mechanical luminosity, the required driving
force of the outflow and the bolometric luminosity of the
central source. The correlation means that the energy and
momentum of an outflow is determined by the central lu-
minosity or mass and the physical driving engines are sim-
ilar for all the sources (Bally & Lada 1983). The above au-
thors also pointed out that the scatter of the plots could
be understood as the result of several selection effects.
The uncertainties in determining luminosities of central
sources can cause significant scattering. A large part of
the scatter may be due to the geometrical velocity deter-
mination.
To test the correlation between the mechanical lumi-
nosity, the force and the luminosity of the central source,
the increased sample size is expected to ensure that the
scatter in Lm-Lbol plane will be more than that in the F -
Lbol plane (Bally & Lada 1983). Here we have a sample 25
times the size of theirs; the correlation coefficient of the
line fit for the F -Lbol (0.72) is just slightly better than
that for Lm-Lbol (0.69). The standard deviation from the
fitted line of F -Lbol is about the same as that of Lm-Lbol
or without a significant difference. This may be caused by
various uncertainties in our sample, which are mentioned
in Sect. 4, while the sample of Bally & Lada (1983) came
from a single survey. The parameter ranges of our sample
are wider than the sample in Bally & Lada (1983). For
example, outflow mass is 10−3 ∼ 103M⊙, while theirs is
from 0.1 ∼ 100M⊙.
The mass entrainment rate (M/t) is also correlated
linearly to Lbol (Wu et al. 2004). This is further evidence
showing the dependence of outflow on its driving source.
4.3. Dynamic time
4.3.1. The average age
The dynamic time scale, t, is available for 275 sources.
The time scales range from 400 yr (see NGC2024
FIR6, Richer 1990) to 6 × 105 yr (see L1551NE,
Moriarty-Schieven & Wannier 1991). The average value is
9.8 × 104 yr and 5.0 × 104 yr for the high mass and low
mass group respectively. To investigate why the dynam-
ical timescale of high mass sources appears longer than
that of low mass sources, we examined the sources with
t > 2 × 105 yr. There are 21 such sources, among which
14 belong to the high mass group and 7 belong to the low
mass group. We list all the sources with t > 2× 105 yr in
Table 2.
Among 14 high mass sources, 10 are UC HII or bright
far infrared sources, which are more evolved among mas-
sive YSOs. Another reason why the high mass group has
a higher average age is the observation resolution: 14 of
the above 21 sources have large distances D > 1.0 kpc,
while medium (10∼15m) or small telescopes (3∼5m) were
employed to observe 13 of them; among these 13 sources,
12 are high mass sources.
4.3.2. The relation between outflow mass and dynamic
time
The plot of the outflow mass against the dynamic time is
shown in Fig. 8.
For 98.5% (271/275) of the sources the dynamic
timescales are between 103 ∼ 5.5 × 105 years, including
99% (155/157) of the low mass sources, and 98%(116/118)
of the high mass ones. For the low mass group, the flow
mass seems to increase with time while there is no such
simple trend for the high mass group. Linear fitting shows
logM = (1.25 ± 0.11) + (0.30 ± 0.12) log t, and a poor
r = 0.20. The correlation is much stronger for the low
mass group, logM = (−0.71 ± 0.08) + (0.64 ± 0.11) log t,
and r = 0.41. Thus the flow processes may be different for
the two groups.
5. Associated phenomena
Numerous associated objects were detected and investi-
gated. Ninety (23%) sources have associated HII or cen-
timeter continuum emission regions, 136 (35%) have opti-
cal jets or HH objects, 92 (24%) have H2 jet and 190 (49%)
have H2O masers. Among 136 sources with HH objects or
optical characters, 14 (10%) are in the high mass group. In
the 190 sources with water masers, 75 (39%) are in the low
mass group. There are 45 (12%) outflows with collapses
(the percentage in the high mass group is 20%), nearly
all of the collapse candidates detected so far. According
to Shu et al. (1987), the collapse should occur earlier than
bipolar outflow in star formation stages. However, nearly
all of the collapses were detected in outflow sources. This
may be because the infall material near the embedded
sources is shielded by surrounding gas and dust, thus is
difficult to observe until the outflow later expels the sur-
rounding material so that the internal region is observable.
6. Spatial distribution and occurrence rate
The three dimensional spatial distribution of the sources
projected on the coordinate plane is given in Fig. 9. The
sun is at the origin, with the X axis pointing to the 90
degree longitude direction of the IAU Galactic coordinate,
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the Y axis passing through the Galactic Center and the Z
axis pointing to the north Galactic pole. High mass sources
are represented by clear squares and low mass ones by
filled triangles. Figure 9a shows the sources projected on
the Galactic plane; Fig. 9b is the same frame as Fig. 9a but
shows only the inner 2 kilo-parsecs from the sun. Figure 9c
and Fig. 9d are projections onto the X-Z and Y-Z planes,
respectively.
A prominent feature seen in the plots is that there are
more sources between l = 30◦ to l = 210◦ than in the
rest (∼ 2 : 1; see Table 1a). This is largely attributed to
the fact that most observations were performed on sources
that can be seen in the northern hemisphere. There do ex-
ist spatial structures that are asymmetrically distributed
with respect to the sun in the local distance, e.g. the neu-
tral interstellar gas (Frisch & York 1983). Such asymme-
try mirrors the distribution of the nearby O and B stars
associated with the Gould Belt (Stothers & Frogel 1974).
The contour of N(H) ∼ 5× 1020cm−2 is shown in Fig. 9a
as a thick line (Frisch & York 1983). A molecular disk
model with radius 1.5kpc and a molecular ring with radius
3-7 kpc are also given in Fig. 9a (Liszt & Burton 1978;
Scoville & Sanders 1987). Multiple components along the
line of the sight towards these molecular rings where | l |
is less than 40◦ may be another reason that makes it dif-
ficult to detect or to identify molecular outflows in these
regions.
There are 230 sources in the catalogue within one kilo
parsec of the sun. The occurrence rate can be estimated as
74/t kpc−2yr−1, where t is the average lifetime (in years)
of the outflows. For t = 5.8 × 104 years, which is the
average value of the 230 sources within one kiloparsec,
the birth rate is 1.3× 10−3 kpc−2yr−1.
Among the 230 sources within 1 kpc of the sun there
are 171 sources with available bolometric luminosity (see
Table 3). Taking the upper and lower limit of masses of the
evolution tracks on the observed H-R diagram according
to bolometric luminosity (Levreault 1985, and references
therein), the average mass of these sources was estimated
to be 3.6M⊙ as an upper limit, and 2.1M⊙ as a lower limit
(see Table 3).
The birth rate measured for the number of stars,
1.3× 10−3 kpc−2yr−1, is equal to 4.7× 10−9 M⊙pc
−2yr−1
measured as a stellar mass upper limit; for the lower limit,
it is 2.7×10−9M⊙pc
−2yr−1 (see Table 3). Both are similar
to the local star formation rate 3 ∼ 6×10−9M⊙pc
−2yr−1,
or 4 ∼ 11 × 10−9 M⊙pc
−2yr−1, depending on whether
there is any compression in the spiral shock wave or
not (Kaufman 1979). These results suggest that high-
velocity outflows are common in star formation.
7. Summary
In this paper, the searches of molecular outflow sources
are reviewed. Our Catalogue includes 391 high velocity
molecular outflows and their basic parameters. We classi-
fied them into two groups according to the available bolo-
metric luminosity or to the outflow mass. We analyzed the
progress of molecular outflow searches and divided the his-
tory of outflow search into four periods: I.1976-1984, II.
1985-1989, III. 1990-1995 and IV. 1996-2003. The char-
acters of different periods and the developmental trend
are discussed. The morphology, collimation and physical
parameters of outflows were investigated. We also studied
the correlation between outflows and their central sources.
Finally the spatial distribution and birth rate of young
stars are presented and discussed. For convenience, the
main statistical results are listed in Table. 4.
Our main results are as follows:
1. The catalogued outflows have been classified into high
mass and low mass groups according to the bolomet-
ric luminosity of the center sources and the outflow
masses. The pace of outflow identification has acceler-
ated in the past two decades. The number of outflows
detected per year tends to increase, that is, 7 in Period
I but 23 in Period IV. The number of low mass sources
increased fast during period II. In period IV, the num-
ber of high mass outflows increased rapidly, suggest-
ing that the outflow phenomenon is also common in
high mass star formation regions. Data acquired re-
cently suggest high mass star formation processes may
also go through mass accreting and ejecting, similar to
those processes in low mass star formation.
2. Polarity was known for all the 391 sources, 84% of
which are bipolar. Red mono-polar outflows are found
to be equally abundant compared to the blue ones
within the statistical uncertainty. This suggests that
monopolarity of the outflows is intrinsic and is a re-
sult of the driving source being partially submerged in
the molecular cloud. The number of multiple sources
has increased and isolated ones decreased since the last
catalogue (Wu et al. 1996), which shows the improve-
ment of the detection technology.
3. We analyzed the collimation of the outflows. The num-
ber of sources with known collimation factors has in-
creased from 26 in period I to 213 in period IV.
The current average value of the collimation factors is
slightly larger than that in period I. Although the reso-
lution of the equipment used in period IV has generally
improved, the number of high mass outflows observed
increased in this period. As high mass outflows have
in general lower collimation factor values, the average
collimation value only changed slightly.
4. The collimation of low mass sources is better than that
of high mass ones as a whole. Different outflow driving
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mechanisms may explain such differences. Moreover,
projection effects, physical conditions of the environ-
ment and evolutionary states also affect the morphol-
ogy of outflows.
5. The relationship between physical parameters of the
outflow and its central source is examined. Analysis
shows that outflow masses are correlated strongly with
bolometric luminosities of young stellar sources. This
relation, a typical example of an indirect correlation of
two quantities, is obtained for the first time.
6. Similar linear correlations exist between flow mechan-
ical luminosity, the force required to drive the outflow
and the bolometric luminosity in logarithmic scales.
The weak correlation found by Bally & Lada (1983)
in an early survey is confirmed.
The mass, momentum and energy of the outflows de-
pend on the luminosity of the central source. These
relationships between the parameters of the outflows
and the driving sources suggest that the energetic out-
flows originate from their central source. Although the
radiation pressure could not drive the outflow directly
if the photons emitted from the central source scatter
once, these correlations confirm the relationship be-
tween outflows and their central stellar objects.
7. Outflow mass and dynamic time tends to be correlated
for low mass sources while for high mass ones there was
no such correlation. This together with the differences
between the low mass and high mass group sources
shown by Lm v.s. Lbol (Fig. 6) and F vs. Lbol (Fig.
7) is consistent with the presence of different driving
mechanisms.
8. Objects associated with outflows were investigated.
136 outflows have associated HH objects; 10% of those
are among the high mass group; 190 outflows have wa-
ter masers, 39% belong to the low mass group. 12%
of the outflow sources have ongoing collapse of infall
detected.
9. The spatial distribution of known outflows is not sym-
metric with respect to the sun because the southern
hemisphere has fewer identified sources, largely due to
less observation. The occurrence rate within 1kpc from
the sun is 74/t kpc−2yr−1, where t is a typical lifetime
of outflow in years. For an outflow dynamic time of
5.8× 104 years the birth rate is 1.3× 10−3 kpc−2yr−1,
close to the local star birth rate.
Higher angular resolution and sensitivity are necessary
to further resolve the velocity structure and survey the dis-
tant sources. If a large number of outflows with more accu-
rate morphology are found, we may better understand the
physical nature of the energetic processe occuring during
early stellar evolution.
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Table 2. Outflow with dynamic time > 20× 104yr
Outflow
No.
Outflow
Name
D
kpc
t
104 yr
Group Telescope
used
Ref.
009 00494+5617 2.2 24 H 14m 3
014 02310+6133 3.8 51.5 H 13.7m 381
015 02461+6147 4.2 35 H 3m(J = 3− 2) 380
040 B5-IRS4 0.35 24 L 7m 21
052 L1551NE 0.16 60 L 12m 128
126 05490+2658 2.1 37 H 14m 3
130 05553+1631 2.5 46 H 14m 3
G192.16 2.0 27 H 12m 194
131 CB39 0.6 30 L 14m 178
139 S255 2.5 50 H 14m 117
162 07028-1100 1.4 24 L 13.7m 421
166 WB89 1135 6.42 37.9 H 15m 196
173 WB89 1275 6.38 27.8 H 15m 196
237 18150-2016 1.8 24 H 4m 260
281 19471+2641 2.62 21 H 10m(J = 3− 2) 203
325 21015+6757 0.44 24 L 3m(J = 3− 2) 397
336 V645 Cyg 5.6 50 H 5m(J = 2− 1) 8
337 GN21.38.9 0.75 30 L 10m 150
350 21432+4719 1.0 22 L 45m 258
360 22142+5206 4.5 23 H 45m 187
374 22475+5939 4.7 29 H 12m 199
382 MBM55 0.18 22 H 12m 100
Table 3. Lbol and mass ranges for associated stellar
sources of outflow within 1 kpc.
Lbol(L⊙) < 10
−1 10−1 ∼ 100 100 ∼ 101 101 ∼ 102 102 ∼ 103 103 ∼ 104 > 104
Source Number 0 20 50 49 36 8 8
Upper limit M⊙ 1.0 1 1.5 3 5 9 15
lower limit M⊙ 0.2 0.5 1.0 1.5 3 5 9
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Table 4. Index of main statistical results
Item Result Section Paragraph
Outflows cataloged 391+6 2.1 2
High group (Lbol > 10
3  L⊙ or M > 3M⊙) 139 2.3 2
low group (Lbol ≤ 10
3  L⊙ or M ≤ 3M⊙) 223 2.3 2
Sources detected in Period I, II, III, IV 55, 95, 88, 159 2.4 2
High group in Period I, IV 31%, 38% 2.4 3
Sources with Lbol > 10
4 to L⊙ 23% 2.4 4
Sources with UC HII regions 23% 2.4 4
Bipolar sources 327(84%) 3 1
Monopolar sources 50(13%) [28 red, 22 blue] 3 1
Multipolar sources 12(3%) 3 1
Isotropic sources 2 3 1
Sources with available Rcoll 213 3 3
Average Rcoll 2.45± 1.74 3 3
Average Rcoll of high group 2.05± 0.96 3 3
Average Rcoll of low group 2.81± 2.16 3 3
Bolometric luminosity range 0.1-106L⊙ 2.3 1
Uncertain factor of M 6.4 4 2
Uncertain factor of F 6.7 4 2
Uncertain factor of Lm 7.1 4 2
Rmax range 0.01 to 3.98 pc 4 1
Mass range 10−3 to 103 M⊙ 4 1
Momentum 10−3 to 104 M⊙km/s 4 1
Energy 1038 to 1048 ergs 4 1
Mechanical luminosity 10−5 to 103 L⊙ 4 1
Force F 10−7 ∼ 102 M⊙km/s yr 4 1
Mass loss rate M˙ 10−9 ∼ 10−3 M⊙/yr 4 1
Dynamical time available sources 275 4.3.1 1
Range of dynamical time 4× 102 to 6× 105 yr 4.3.1 1
Dynamical time of the 99% sources 103 ∼ 5.5× 105 yr 4.3.2 2
Average dynamical time of high group 9.8× 104 yr 4.3.1 1
Average dynamical time of low group 5.0× 104 yr 4.3.1 1
Sources with t > 2× 105 yr 21 [14 in high group] 4.3.1 1
Sources associated with HH objects 136 (35%) [90% in low group] 5
Sources associated with H2 jet 92 (24%) 5
Sources associated with H2O masers 190 (49%) [115 (61%) in high group] 5
Collapse candidates 45 (12%) 5
Sources within 1 kpc 230 6 3
Sources within 1 kpc (Lbol available) 171 [16(9%) in high group] 6 4
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Fig. 1. Frequency distributions of detected outflow num-
bers with time. a). Histogram of the mapped outflow num-
bers in the four periods; the widths of the shadow zones
are determined by how long the corresponding period last-
ing; b). Histogram of average numbers per year in the four
periods.
Fig. 2. Collimation factors versus bolometric luminosity
of the associated infrared source (Lbol). The filled triangles
represent the sources from the low mass group, while the
open boxes indicate the sources from the high mass group.
The solid line is the least square linear fit line.
Fig. 3. Collimation factors versus angular sizes. The sym-
bols are the same as for Fig. 2.
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Fig. 4. Collimation factors versus bolometric luminosity
(Lbol) for sources with angular sizes at least five times the
beam size The symbols are the same as for Fig. 2.
Fig. 5. The outflow mass versus the bolometric luminosity
(Lbol). The symbols are the same as in Fig. 2. The solid
line is the least square linear fit.
Fig. 6. The outflow luminosity (Lm) versus bolometric lu-
minosity (Lbol). The symbols are the same as for Fig. 2.
The relation Lm = Lbol is shown as a dashed line. The
solid line is the least square linear fit line.
Fig. 7. Outflow force F versus bolometric luminorsity
(Lbol) of the associated infrared souces. The symbols are
the same as in Fig. 2. The dashed line presents the rela-
tion F = Lbol/c. The solid line is the least square linear
fit.
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Fig. 8. Outflow masses M versus dynamical time. The
symbols are the same as for Fig. 2. The dashed and solid
lines are the least square linear fit for sources of the high
and low mass group respectively.
a
b
Fig. 9. Spatial distribution of outflows. The sun is at the
origin of the coordinate. The X-axis points to the 90◦ lon-
gitude direction of the IAU Galactic coordinate, the Y-
axis passes through Galactic Center and the Z-axis points
to the north Galactic pole. Triangles represent low mass
outflows and circles high mass ones. The thick dark grey
line with in the 2 kpc radius circle denotes the contour of
N(H) ∼ 5×1020 cm−2 (Frisch & York 1983). a). The out-
flow distribution on the coordinate plane x-y. The three
circles from inner to outer indicate distances of 2 kpc, 5
kpc and 10 kpc from the sun. The small shadow elliptic
presents the projection of a molecular disk model with a
radius of 1.5 kpc (Liszt & Burton 1978). The shadow ring
indicates projection of the molecular ring with radius 3∼7
kpc (Scoville & Sanders 1987). b). The same as a), but
shows only the inner 2 kpc from the sun. The two cir-
cles indicate 1 kpc and 2 kpc from the sun. c). Projection
onto the X-Z plane. d). Projection onto the Y-Z plane.
Note that the vertical axes in c) and d) are scaled up for
clarity.
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c
d
Fig. 9. continued
